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Description 

Background 

5 The immediate-type hypersensitivity, such as extrinsic asthma, hay fever, and allergic responses to 
certain food or drugs, is mediated primarily by immunoglobulin E (IgE). In an IgE-mediated allergic 
response, the allergen binds to IgE on the surface of mast cells and basophilic leukocytes (basophils). This 
binding causes a crosslinking of the IgE molecules and hence the underlying receptors for the Fc portion of 
IgE (FceR) and thereby triggers the release of pharmacologic mediators such as histamine, slow-reacting 

w substance of anaphylaxis and serotonin. The release of these mast cell and basophil products causes the 
various pathological manifestations of allergy. 

Patients affected with IgE-mediated hyper-sensitivity reactions are often treated with histamine antago- 
nists to alleviate symptoms. In addition, during hay fever seasons, desensitization procedures are used to 
prevent or to alleviate persistent, lasting allergic reactions. In these procedures, small doses of allergen are 

75 injected periodically to induce certain, not-fully-understood immune responses that somehow reduce the 
IgE-mediated responses. Densensitization procedures have been effective in certain patients and only 
marginally effective in others. 

It has been suggested that IgE-mediated allergy might be treated by inhibiting the binding of IgE to 
mast cells and basophils. For example, synthetic peptides representing various regions of the Fc of IgE 

20 (Fce)have been explored as competitive inhibitors for the binding of IgE to the receptors on mast cells and 
basophils. See e.g., Stanworth, D.R., Mqlec. Immun. 21:1183-1190 (1984); Stanworth, D.R. and Burt, D.S., 
Mqlec. Immun. 23:1231-1235 (1986); Burt, D.S. et al.. Mqlec. Immun. 24:379-389 (1987); Hahn, U.S. Patent 
No. 4,683,292; Hamburger, U.S. Patent Nos. 4,171,299 and 4,161~522! However, presumably due to the 
much lower affinity of these peptides compared with whole IgE for the Fc^R, such peptides have not been 

25 proven highly efficacious for treatment of allergy. 

In recent years, monoclonal antibody methodologies have been employed to map the various antigen 
and functional epitopes on IgE. Baniyash and Eshhar (Eur. J. Immunol. 14:799-807 (1984)) reported that 
among the several rat monoclonal antibodies made against IgE, three inhibited the binding of mouse IgE to 
rat basophilic cells. Since the antibodies could also induce serotonin release from basophils bound with IgE, 

30 the antibodies probably bound sites on Fc, which were near but not in the site binding to the receptors for 
IgE on basophils. More recently the same investigators developed a monoclonal antibody that could inhibit 
the binding of the IgE to basophilic cells but does not recognize IgE on basophil surface. Baniyash et al., 
Mqlec. Immunol. 25:705 (1988). Siraganian and colleagues (see Fed. Proc. 40:965 (1981), Fed. Proc. 
46:1346 (1987)) reported that among approximately ten mouse monoclonafantibodies made against human 

35 IgE, a few could not bind IgE on basophils. They also described that some of these latter monoclonal 
antibodies could inhibit the binding of human IgE to basophils. These studies have addressed the use of 
monoclonal antibodies to define the various epitopes or functionally related peptidic segments on IgE. 

Recently, Whitaker described an immunotoxin specific for the IgE isotype and its use in the treatment 
of allergy. U.S. Patent 4,714,759. The immunotoxin comprises an anti-igE antibody coupled to a toxin. The 

40 intended pharmacologic mechanism of the treatment is that the immunotoxin specific for IgE isotype would 
. kill IgE-producing B cells. 

Sum_m_ary_of the Invention 

45 This invention pertains to the unique antigenic determinants on IgE molecules and to reagents and 
pharmaceutical compositions for the treatment or prophylaxis of IgE-mediated allergy based on the 
discovery of these determinants. The antigenic determinants are present on IgE-bearing B-lymphocytes (B 
cells) but not on basophils and mast cells. 

Although IgE is produced by only IgE-bearing B cells, it is present not only on these cells but also on 

so mast cells and basophils. IgE has a very high affinity for the Fc*R on the surface of basophils and mast, 
cells (the association constant, Ka, is in the range of 10 9 -10 10 liter mole*" 1 ) and the rate of dissociation is 
very slow (the half life of "on time" is about 20 hours). Thus, IgE is virtually a surface antigen of basophils 
and mast cells. 

The antigenic epitopes on IgE of this invention are present on IgE-bearing B cells but not on basophils 
55 or mast cells and, because of this, the epitopes are unique surface markers of IgE-bearing B cells. The 
epitopes can be designated ige.bl (bl depicts B lymphocytes). The IgE on B cells is the membrane-bound 
form that is anchored on the membrane by spanning through the membrane lipid bilayer; the IgE on 
basophils and mast cells is the secretory form that is anchored on the cell surface by binding to the FceR 
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molecules. The overall structures of the two forms of IgE are somewhat different with the membrane-bound 
form having an extra segment. The topography of association with the cell surface is also different between 
the IgE on B cells and on basophils. One class of ige.bl epitopes are located in the Fc region of the IgE 
molecule at or near the binding site of Fc*R. These epitopes are obscured by Fc*R binding. Another class 

5 of '9®*^ epitopes are antigenic epitopes that encompass parts of the extracellular segment of membrane- 
bound region of immunoglobulin e heavy chains. In general, these segments of various membrane-bound 
immunoglobulin can be designated mb/ec. The mb/ec segment of IgE can be designated e.mb/ec segment. 
The present invention pertains to the sequence determination of * .mb/ec segment. 

The identification of the ige.bl epitopes provides for various forms therapy and diagnosis of IgE- 

w mediated allergy based upon agents which specifically bind to the epitopes. These include allergic diseases 
such as extrinsic bronchial asthma, allergic rhinitis or hay fever, and food and drug allergies. The preferred 
agents which specifically bind to the epitopes are monoclonal antibodies or fragments thereof. However, for 
purposes of the pharmaceutical compositions of this invention, the specific binding agent can be any 
molecule which specifically binds to the epitopes (and thus binds IgE-bearing B cells but not basophils). 

15 These reagents include synthetic peptides which are identical or analogous to the antigen binding region 
(variable of hypervariable regions) of anti-ige.bl antibodies. Although the description below focuses mainly 
on anti-ige.bl antibodies, the concept and methodologies are equally applicable to other molecules specific 
for the unique epitopes described herein. 

Monoclonal antibodies specific for an ige.bl epitope can be used to selectively destroy IgE-producing 

20 cells. Because the epitope is present on IgE-bearing B cells and not on mast cells or basophils, monoclonal 
antibodies specific for an ige.bl epitope bind B cells, but not mast cells or basophils. This differential 
binding allows the targeting and selective elimination of IgE-producing B cells. The antibodies, either free or 
in toxin-conjugated form, can be used to target and eliminate the B cells. The monoclonal antibodies, which 
are specific for the ige.bl epitope at or near the Fc*R site of binding to IgE, may have additional 

25 therapeutical effects. The antibodies bind IgE forming immune complexes, facilitating the removal of IgE 
from the immune system by the retiendothelial system. 

This invention also pertains to paratope-specific, anti-idiotypic antibodies of the antibodies reactive with 
ige.bl epitopes, to peptides which are modeled after the epitopes (e.g., the site of Fc*R binding) and to the 
use of the anti-idiotypic antibodies and the peptides to treat IgE-mediated allergic diseases. 

30 

Brief^ Description of_the_ Figures 

Figure 1 outlines the process of determining mb/ec segment of human IgE (^mb/ec). 
Figure 2 shows DN A probes to be used for screening cDNA library to clones containing c.mb_/ec. 
35 Figure 3 shows the C-terminus of CH* domain of human e chain and the locations of probe b~and d. 

Detajled Description of the lnvention 

1. Unique Epitopes of Immunoglobulin E 

40 

This invention is based on the discovery of uniquely situated epitopes of IgE ([ge.bl). The epitopes are 
present on IgE-bearing B lymphocytes but not on mast cells and basophils. One class of ige.bl epitopes is 
located at or near the binding site for FceR. The presence of these epitopes only on IgE-bearing B cells 
follows from the fact that the epitope is obscured when IgE is bound to Fc«R on basophils and mast cells. 

45 The ige.bl epitopes may possibly be composed of several antigenically discrete sites and each of them can 
be defined by its reactivity with a monoclonal antibody which reacts with human IgE-bearing B cells, but not 
basophils, such as E8-5-3, E1 1-4-70, E101-1, and E1 0-1 2-55 (see below). 

Another class of ige.bl epitopes are the «.mb/ec epitopes. These epitopes are present on the 
membrane-bound form of immunoglobulin but not on the secreted form. B cells express on their surface 

50 antibody molecules such as IgE which serve as receptors for antigens during immunological induction. The 
membrane-bound immunoglobulins differ from the secretory, soluble, immunoglobulins synthesized by the 
same cells in that they have an extra peptidic piece that anchors them onto the B cell surface. All the ten 
membrane-bound immunoglobulins on B cells from different species, for which amino acid sequences have 
been determined, have extra isotype-specific regions that anchor the immunoglobulins to the membrane. 

55 These peptidic regions have lengths ranging from 41 to 72 amino acids and can be divided into three 
segments in terms of locations in relation to the plasma membrane. The middle segments of 25 
hydrophobic and uncharged amino acid resides are in the membrane lipid bilayer; the C-terminal hydro- 
philic segments of 3-28 amino acid residues are intracellular; the segments toward N-terminus contain 13 to 
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27 amino acid residues, are highly acidic and hydrophilic and are on the extracellular surface of the plasma 
membrane. This part of membrane-bound region of mouse and rat IgE has 19 amino acid residues, among 
them, 10 are Giu or Asp residues. The length and the hydrophilic and highly charged nature of the 
extracellular segment indicate that this segment is exposed and accessible to antibodies. 
5 Because IgE is present on the surface of only three cell types in the body, IgE-bearing B cells, 
basophils, and mast cells, these ige.bl epitopes are virtually unique cell surface marker of IgE-bearing B 
cells. These new markers provide for several types of monoclonal-antibody-based therapy of IgE-mediated 
allergic diseases. 

w 2. Monoclonal Antibodies Which Bind IgE-Bearing B Cells but not Basophils 

Monoclonal antibodies specific for the ige.bl epitopes bind IgE on the surface of IgE-producing B cells 
but do not bind basophils. This differential binding of IgE-bearing cell types provides a basis for therapeutic 
and diagnostic uses for the antibodies. 

15 It is crucial that the antibodies do not bind basophils and induce histamine release. One of the most 
powerful agents that trigger the release of pharmacological mediators of allergy from mast cells and 
basophils is anti-IgE antibody. Conventional anti-lgE antibody will bind IgE on the surface of mast cells and 
basophils and trigger the release of pharmacological mediators of allergy. The antibodies of this invention 
cannot bind IgE on these cells because the cognate epitope is masked and thus they do not induce the 

20 release of histamine from these cells. 

3. Therapy of IgE-mediated Allergy based upon the Selective Elimination of IgE-producing Cells. 
A. Antibodies specific for IgE-producing cells. 

25 

The antibodies specific for IgE-producing B cells, as murine, human, or mouse/human chimeric 
antibody, may be applied in several ways for the treatment of IgE-mediated allergies. For this purpose, the 
antibodies can be used to selectively deplete IgE-bearing B cells. The antibodies can be used as an 
effector agents mediating an immune function or as a carrier agent of toxins or cytotoxic drugs, as set forth 

30 below, for delivering an effector substance. 

Among the various immune functions that an antibody specific for a surface antigen on target cells can 
mediate are antibody and complement-mediated cytolysis and antibody-dependent cellular cytotoxicity 
(ADCC). The antibody may also mediate immune regulatory functions. Antibodies of certain IgG subclasses, 
such as mouse lgG2a and human IgGl and lgG3, can mediate ADCC carried out by certain Fc receptor- 

35 bearing phagocytic leukocytes. For example, OKT3, a mouse lgG2a monoclonal antibody specific for 
human T cell surface antigen (the first monoclonal antibody approved by FDA for marketing as a 
therapeutical agent) is used in patients to provide rapid depletion of T cells in the blood and to induce an 
immunosuppressed state (for kidney transplantation). Russell, P.S. et al., Annu. Rev. Med. 35:63-79 (1984); 
Norman, D.J. et al., Transpl. Proc. 17:39-41 (1985). OKT3, at a dosage of 5mg/day/subject, can deplete 

40 completely circulating T cells. The antibodies of this invention, especially in the form of mouse gamma 2a 
antibodies or chimeric antibodies bearing human gamma-1 or gamma-3 chains, can be used to deplete IgE- 
bearing B cells by the ADCC mechanism. The antibodies can be administered as free antibodies to patients 
afflicted with IgE-mediated allergy in amounts sufficient to eliminate substantially IgE-producing cells and 
consequently, to deplete substantially IgE. For example, the amount can range from 1-50mg/dose/subject. 

45 The treatment may involve one or several injections. The duration of the presence of antibody and the 
amount of antibody needed to eliminate B cells is less than that necessary to continuously inhibit the 
binding of IgE to basophils and mast cells. 

For therapeutic uses described, human antibodies are most preferred. Human antibodies, however, are 
difficult to produce in large quantity. As an alternative, chimeric or "near-human" antibodies are preferred. 

so Chimeric antibodies comprise a variable or antigen binding (hypervariable or complementarity determining) 
region derived from an animal (e.g., a mouse) antibody and the remaining regions derived from a human 
antibody. Methods for producing chimeric (e.g. murine/human) antibodies are described below. Chimeric 
antibodies can be produced in large quantities and they are less immunogenic in humans than nonhuman 
antibodies. Consequently, they are better suited for in vivo administration than animal antibodies, especially 

55 when repeated or long term administration is necessary. Antibody fragments of the chimeric antibodies can 
also be used. 

Immunotherapies employing the antibodies of this invention may be used in combination with conven- 
tional desensitization immunotherapy. For example, desensitization with allergen may be performed in 
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conjunction with the administration of anti-ige.bl antibodies or immunotoxins (see B section below) to 
eliminate substantially IgE-producing cells. One major effect of desensitization is that IgG's are induced 
against the allergen/immunogen. The induction of an IgG response may be most effective when IgE- 
producing B cells are substantially depleted. The combination of antibody and desensitization therapy is an 
5 attractive form of therapy. IgE-producing B cells may be temporarily depleted (for a few weeks or months) 
by the anti-ige.bl antibody and will eventually repopulate. The desensitization may have longer lasting 
effects. 

B. Immunotherapy combining an ige.bl-specific antibody and a factor enhancing ADCC. 

w 

Many factors, such as GM-CSF (granulocyte monocyte-colony stimulation factor) or M-CSF (monocyte- 
colony stimulation factor), are known to induce the proliferation of leukocytes, including those mediating 
ADCC. In in vitro experiments, GM-CSF arid M-CSF have been shown to augment the ADCC activity on 
tumor cells mediated by monoclonal antibodies specific for surface antigens expressed on the tumor cells. 
is It is conceivable that the therapeutical effect of ige.bl specific monoclonal antibodies in treating allergies can 
be enhanced by combining the use of factors that augment ADCC activities. 

C. Immunotoxins specific for IgE-producing cells. 

20 The ige.bl epitopes provide highly specific targets for immunotoxins directed against IgE-producing B 
celts. Immunotoxins specific for the epitopes bind to IgE-producing B cells but not to mast cells or 
basophils. In this way, IgE-producing B cells can be selectively reduced or eliminated in a patient suffering 
from an IgE-mediated allergy. The reduction of the IgE producing cells reduces IgE levels in the circulation 
which results in a reduction of the amount of IgE available to bind mast cells and basophils. The 

25 immunotoxin does not kill mast cells or basophils and cause the- release of pharmacologic mediators from 
these cells. 

Immunotoxins for selective binding to IgE-producing lymphocytes are comprised of cytolytic or 
cytotoxic agents conjugated to a binding agent specific for an ige.bl epitope. The preferred specific binding 
agents are anti-ige.bl antibodies or fragments thereof (e.g., F(ab)2, Fab, F v or analogues or derivatives 
30 thereof). The cytolytic agents can be selected from any of the available substances including ricin, 
Pseudomonas toxin, diptheria toxin, pokeweed antiviral peptide, trichothecenes, radioactive nuclides, and 
membranelytic enzymes. The antibody and the cytotoxin can be conjugated by chemical or by genetic 
engineering techniques. 

The immunotoxins are administered to a patient afflicted with IgE-mediated allergy in amounts sufficient 
35 to reduce or to eliminate IgE-producing lymphocytes in the patient and thereby prevent or alleviate the 
symptoms of the IgE-mediated allergy. The immunotoxins may be used alone or in combination with free 
anti-lgE antibody. 

4. Removal of IgE by Monoclonal Antibodies Which Do Not Bind IgE on Basophils and Mast Cells. 

40 

In certain embodiments, the monoclonal anti-lgE antibodies of this invention bind to an ige.bl epitope 
located at or near the Fc*R binding site on soluble IgE. In so doing, the antibodies block the binding site on 
IgE for mast cells and basophils and this contributes partly to their therapeutical efficacy. In order to 
achieve this possibly beneficial additional therapeutical mechanism, the antibodies must bind specifically to 

45 the epitope with an affinity which is greater than the affinity with which the FceR binds IgE. This combination 
of specificity and affinity provides for effective inhibition of IgE binding to FceR at pharmaceutically feasible 
concentration. In addition, the immune complexes of IgE and the monoclonal antibodies may be removed 
rapidly by cells of the reticuloendothelial system. Upon the intravenous injection of the monoclonal 
antibodies, most IgE molecules in the circulation probably form immune complexes and are removed 

so rapidly. These mechanisms will reduce the levels of free IgE in the body of the treated patient, whenever 
the therapeutic monoclonal antibodies are present in sufficient levels. These various mechanisms should 
contribute to the short term effects of the therapeutic antibodies. However, long-term therapeutic effects 
probably can be achieved without these mechanisms. Because IgE turns over and regenerates rapidly with 
a serum half life of 3 days, an ige.bl antibody-based therapy probably will be most efficacious by depleting 

55 or reducing IgE-producing B cells. 

Affinity can be represented by the affinity or association constant, Ka. The Fc*R of mast cells and 
basophils has an estimated Ka in the range of 1 x 10 9 - 1 x 10 10 liter/mole. See Kulczycki, A., New Trends 
in AllergyJI ed. by Ring, J. and Burg, G., pp. 25-32, Springer-Verlag, New York, 1986. Thus, a monoclonal 
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anti-lgE antibody will effectively compete with FceR, if its affinity constant for IgE is about or greater than 1 
x 10 9 liter /mole. In general, monoclonal antibodies have, Ka's, below 1 x 10 9 liter/mole. Consequently, 
although an antibody might be appropriately specific for the epitope(s) described and suitable for 
eliminating IgE-bearing B cells by mechanisms described above, it may not have this additional therapeuti- 
5 cal effect, if it does not have a Ka sufficient to compete effectively with Fc^R for IgE at pharmacologically 
feasible concentrations. 

In preferred embodiments, the monoclonal anti-lgE antibodies of this invention have a Ka for IgE which 
is comparable or greater than the affinity of FctR for IgE. Mast cells and basophils in the body are bound 
with IgE; in most individuals a large proportion of the Fc*R are saturated by IgE. The IgE molecules have 

w very long half lives of "on" (receptor occupancy) time of about 20 hours. Kulczycki, A., J. Exp. Med. 
140:1976 (1974). When the IgE molecules dissociate from the mast cells or basophils, the high affinity anti- 
ige.bl antibodies administered to the patient will tightly bind them and inhibit their reassociation with Fc*R. 
Because IgE molecules have a long "on" time and dissociate slowly from the basophils and mast cells, the 
therapeutic effects probably will be attained only a few days after the treatment (or even longer) when a 

75 significant portion of the IgE on basophils and mast cells has dissociated from Fc«R and has been 
complexed or cleared away by the anti-lgE antibody. When this is achieved, the density of IgE molecules 
bound to FceR molecules on basophils and mast cells is substantially decreased and consequently, 
allergens are unable to cross-link sufficient numbers of FctR to induce histamine. 

20 5. Diagnostic Uses of Antibodies which Specifically Bind IgE-producing Cells. 

The antibodies against ige.bl epitopes can be used to identify and enumerate IgE-bearing lymphocytes 
in mixed leukocyte populations. For this purpose, the antibodies can be used in standard assay formats for 
determining cell surface antigens. In general, the antibody is contacted with a sample of the leukocytes to 
25 be tested under conditions which allow the antibody to bind IgE-bearing cells in the sample. The cells are 
then examined for binding of antibody. This can be accomplished by conventional cell staining procedures. 
For example, a fluorescently labeled second antibody can be used to detect binding of the anti-lgE 
antibody. 

30 6. Antiidiotype Antibodies and Methods of Active Immunization Against IgE. 

The ige.bl-specific monoclonal antibodies described thus far can be used to generate paratope-specific, 
anti-idiotypic antibodies which offer another mode of treating IgE-mediated allergy. Antibodies against the 
paratope of the ige.bl-specific antibodies conformationally resemble the epitope for which the anti-lgE 
35 antibody is specific, that is, they resemble an ige.bl epitope. These anti-idiotypic antibodies can be used to 
actively immunize against ige.bl and induce the endogenous formation of antibodies against the ige.bl 
epitope. The induced antibodies will mediate the various therapeutical effects of ige.bl-specific antibodies? " 

Because IgE is a "self-molecule", it is generally not immunogenic. However, active immunization 
against IgE may be achieved by using the paratope, specific antibodies of this invention. The paratope- 
40 specific antibody shares conformational resemblance with the antigen - the ige.bl epitope - which can elicit 
immune response in humans against the epitope. 

Paratope-specific, anti-id iotyptic antibodies are administered to a patient suffering from IgE-mediated 
allergy in an immunogenic amount to induce the formation of ige.bl antibodies. The anti-idiotypic antibodies 
are preferably administered as chimeric antibodies. They may also be given as antibody fragments (which 
45 also may be chimeric in nature) or analogues. 

7. Peptides Which Block FccR of Mast Cells and Basophils. 

This invention also provides peptides which embody the ige.bl epitopes on soluble IgE. The peptides 
so comprise amino acid sequences which are identical or equivalent to the amino acid sequence of an ige.bl 
epitope of soluble IgE. For example, the peptides can have sequences corresponding to the epitopes 
defined by antibodies E8-5-3, E1 1-4-70, E101-1 and E10-12-55 or other anti-ige.bl antibodies described 
below. Peptides which correspond to the binding site of the Fc«R can be used to block the binding of IgE to 
mast cells and basophils. 

55 
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8. €.mb/ec Peptide Analogues and Active Immunization Against ^mb/ec Epitope 

Even though human e-mb/ec peptide is probably not immunogenic in humans, peptides with the same 
sequence and amino acid substitutions can be immunogenic and induce antibodies that cross react with 
5 authentic ^mb/ec epitope. These ^mb/ec peptide analogues can be administered to patients suffering IgE- 
mediated allergies. The antibodies induced by this active immunization can achieve the functions as the 
antibodies described herein. 

9. Anchoring Peptide piece of B Cell Membrane-bound Immunoglobulins 

10 

B cells express on their surface antibody molecules, which serve as receptors for antigens during 
immunological induction. The membrane-bound immunoglobulins differ from the secretory immunoglobulins 
synthesized by the same cells in their they have extra peptidic pieces that anchor the immunoglobulins 
molecules onto the cell surface. 

75 The amino acid sequence data of the ten membrane-bound immunoglobulins from several species have 
been determined. See Ishida, N. et al., EMBO J. t 1:1117 (1982); Steen, M. L. et al. f J. Mol. Biol., 177:19-32 
(1984); Rogers, J. et al., Cell, 26:19-27 (1981); Yamawaki-Kataoka, Y. et al., Proc. Natl. Acad. Sci., USA, 
79:2008-2012 (1982); Kamaromy, M. et al., Nucl. Acids Res., 11:6775-6785 (1983); Rogers, J. et al., Cell, 
20:303-312 (1980); Bernstein, K. E., J. Immunol. 132:490-495 (1984); Cheng, H. et al., Nature, 296:410-415 

20 (1982). These sequences indicate certain common features of the plasma membrane bound peptidic piece. 
As shown in Table 1 , the peptidic anchor piece has three segments which are distinguishable based upon 
their locations in relation to the plasma membrane. Even though these peptidic pieces are short, ranging 
from 41 to 72 amino acid residues, and have often been referred to as the "membrane-bound domain", the 
peptides are not entirely in the membrane lipid bilayer. In fact, only 25 amino acid residues, largely 

25 hydrophobic residues and threonine and serine residues, located in the middle part of the peptides, are in 
the lipid bilayer. The C-terminal, hydrophilic segments of 3 to 28 amino acid residues are located on the 
cytoplasmic side of the membrane. The segments toward the N-terminus, which are connected to the third 
or fourth constant domains of the immunoglobulin heavy chains (CH 3 or CH+) are very hydrophilic and are 
on the extracellular side of the plasma membrane. 

30 

Table 1 



Key features and properties of peptidic segments unique to membrane-bound immunoglobulins on B cells. 




First segment 


Middle segment 


Last segment 


Total 


Immunoglobulin 


Length # Amino acid residues 




Class/Subclass 










Mouse IgE 


19 


25 


28 


72 


Rat IgE 


19 


25 


28 


72 


Mouse IgGi 


18 


25 


28 


71 


Mouse lgG 2a 


18 


25 


28 


71 


Mouse lgG 2 b 


18 


25 


28 


71 


Mouse lgG3 


18 


25 


28 


71 


Mouse IgM 


13 


25 


3 


41 


Rabbit IgM 


13 


25 


3 


41 


Human IgD 


27 


25 


3 


55 


Mouse IgD 


26 


25 


3 


54 


Properties 


Hydrophilic Highly acidic 


Hydrophobic No 


Hydrophilic 








charged residues 






Physical Location 


On exterior surface 


In membrane lipid 


On cytoplasmic surface 








bilayer 






Abbreviated Symbols 


mb/ec segment 


mb/tm segment 


mb/ic segment 





* mb for membrane-bound; ec for extracellular; tm for transmembrane; and ic for intracellular. 
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The shortest length of the extracellular segment of the membrane-bound pieces of the immunoglobulins 
(designated mb/ec segments) has 13 amino acid residues (Mouse and rabbit n chains). See Table 2. The 
mb/ec segments of all immunoglobulins contain high proportions of charged amino acid residues, almost 
entirely acidic residues. The proportions of charged amino acid residues and polar hydrophilic residues 
account for very high percentages of the amino acid composition of the mb/ec segment (Table 3). These 
parameters indicate that all the mb/ec segments are exposed and long enough to be accessible by 
antibodies. Studies of the evolution of immunoglobulin heavy chains indicate the t and y chains are more 
related to each other (had more recent common ancestry) than to other chains (Lien-Ching Lin and Frank 
W. Putnam Proc. Natl. Acad. Sci. USA, Vol. 78 (1981) pp. 504-508). In addition, the heavy chains evolved 
before the various mammals species, mice, rats, and humans evolved. Thus, among the ten various mb/ec 
segments that have been determined, it is probably the murine or the rat e.mb/ec that the human e.mb/ec, 
which sequence has not yet been reported, will be most related. The next mostrelated will be the ychains. 
The murine or rat ^nnb/ec has 19 amino acid residues, among them 8 Glu and 2 Asp residues. These data 
also provide support that human e.mb/ec segment is exposed and accessible to antibodies. 

Z^^Il-lj. The amino acid sequences of the exterior 
portion of peptidic segments unique to 
membrane -bound immunoglobulins (mb/ec 
segments ) . 

Mb/ec segment 



26 21 16 11 6 1 

ELDI . QDLCI . EEVEG . EELEE 
ELD I . QDLCT . EEVEG . EELEE 
GLQ . LDETC . AEAQD . GELDG 
GLD . LDDVC . AEAQD . GELDG 
GLD . LDDIC . AEAKD . GELDG 
ELE . LNGTC . AEAQD . GELDG 
EGE . VNAEE . EG FEN 
EGE . VNAEE . EG FEN 
YL. AMTPL. IPQSK. DENSD.DYTTF .DDVGS 
1 . VNTIQ . HSC1M . DEQSD . SYMDL . EEENG 



Mouse IgE 
Rat IgE 
Mouse IgG^ 
Mouse IgG2 
Mouse IgG^ 
Mouse IgGj 
Mouse IgM 
Rabbit IgM 
Human. IgD 
Mouse IgD 
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Table 3 



Composition of charged amino acid residues and polar, hydrophilic amino acid residues in the exterior 


portion of peptidic segments unique to membrane-bound immunoglobulins (mb/ec segments). 




TOTAL. 


Acidic 


Basic 


Polar 


Total hydrophilic 


Pronortinn nf 






residues 


residues 


residues 


residues 


i iyui \J yJi ii no 














residues 




# Amino acid residues 


% 


Mouse IgE 


19 


10 


0 


2 


12 


63 


Rat IgE 


19 


10 


0 


2 


12 


63 


Mouse IgGi 


18 


6 


0 


4 


10 


56 


Mouse lgG 2a 


18 


7 


0 


2 


9 


50 


Mouse lgG 2 b 


18 


7 


1 


1 


9 


50 


Mouse lgG3 


18 


6 


0 


4 


10 


56 


Mouse IgM 


13 


6 


0 


2 


8 


61 


Rabbit IgM 


13 


6 


0 


1 


7 


54 


Human IgD 


27 


6 


1 


8 


15 


56 


Mouse IgD 


26 


7 


0.5 


9 


16.5 


63 


Acidic residues: E (Glu), D (Asp) 










Basic residues: K (Lys), R (Arg), H (His); His is partially charged. 






Polar residues: S (Ser) f T (Thr), C (Cys), Q (Gin), N (Asn) 









10. Determining the amino acid sequence of mb/ec segment of human IgE (e.mb/ec segment). 

A number of well established procedures can be applied to determine the DNA sequence correspond- 
ing to the human e-mb/ec segment. In one approach (Figure 1), the starting point is the mRNA preparation 
of a human myeloma ceil line which express IgE on the surface. SK007 cells can be employed for this 
purpose. With the mRNA preparation, one can establish a cDNA library employing cloning vector based on 
X-phage or plasmids. A preferred method for constructing the cDNA library is with the cDNA Library 
Construction System Kit - Librarian I developed and commercialized by Invitrogen (San Diego, CA). 
Stepwise detailed instruction manual is provided for RNA isolation from cells, reverse transcription, second 
strand synthesis, linker ligation, agarose gel sizing of cDNA, electroelution to purify cDNA, vector ligation, 
and transformation of E. co]i. The vector used in this library is pCDM8. 

In the screening of the cDNA library for clones containing the e.mb_/e_c segment, several probes can be 
used. As shown in Figure 2, the library can be screened with DNA probe a, which is a 1.1 kb long U266. 
cDNA covering most of length of e mRNA (no membrane-bound segment). The positive clones, which 
include both secreted and membrane-bound forms can be distinguished by using additional probes. Probe 
b is developed by taking advantage of the very likely property that the end of the CH+ domain is truncated 
in the human € chain of the membrane-bound form. The truncation occurs when the gene segments of CH 4 
domain and membrane bound domain are translocated. The loss of C-termini occurs with the membrane 
bound forms of immunoglobulins, including e and u, which contain CH* domains. From the published 
information on nucleotide sequence of human e.CH* domain, the most possible splicing donor site is 
intracodon GT, 71 bp 5' of the termination codon TGA. Another GT t which is not intracodon and less likely a 
splicing donor site, is closer to the terminus (24 bp 5 f to the termination codon). 

The specific location for probe b is indicated in Figure 2 and Figure 3. The probe will react with 
secreted form of * chain gene and not membrane form of t chain gene. 

The design of probe c is based on the finding that the transmembrane segment of the membrane- 
bound domain (mb/tm segment) is very conserved among all the immunoglobulin genes so far sequenced. 
There is a segment of peptide and its corresponding coding DNA within this mb/tm segment, that is nearly 
identical among all immunoglobulins. As shown in Table 4, the consensus DNA sequence with the eight 
combinations will be used as probe c. Figure 2 shows the location of the probe. 
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Table 4. A conserved region in the t r ansmembr ane 
portion of the peptidic segment of the 
membrane -bound immunoglobulins. (in ^b/tm 
segment). 

12 3 4 5 

Leu. Phe . Leu. Leu. Ser . 

Mouse IgE CTG. TTC. CTG. CTC. AG 

Rat IgE CTG . TTC . CRG . CTC . AG 

Mouse lgG l CTC. TTC. CTG. CTC. AG 

Mouse IgG CTC .TTC . CTG . CTC .AG 
z a 

Mouse lgG 2b CTC. TTC. CTG. CTC. AG 

Mouse IgG 3 CTC.TTC.CTG.CTC.AG 

20 Mouse IgM CTC. TTC. CTC. CTG. AG 

Rabbit IgM CTG . TTC . CTG . CTG . AG 

Human IgD* CTC . TTC . ATC . CTC . AC 

Mouse IgD* CTC. TTC. CTG. CTC. AC 



75 



25 



30 



35 



40 



C G C 

Consensus CT .TTC.CT . CT .AG 

sequence G C G 

(Probe c) 

*Human and mouse IgD's have Thr (ACXO) in the 
5th amino acid residue; human IgD also has He 
(ATC) in the 3rd amino acid residue. These are 
the variations not covered by the consensus 
s equence . 



Probe d which represents a segment upstream to the most possible splicing donor site, GT, is 
consisted of 36 bp (Figure 2 and Figure 3). This probe should react with « chain gene of both secreted and 
45 membrane-bound forms. 

Table 5 summarizes the pattern of reactivities of clones containing c genes of secreted or membrane- 
bound forms with the four probes. 



50 



55 
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Table 5 



The reactivity of e gene-containing cDNA clones with probes a, b, c, and d. 




c Secreted 


c Membrane-bound 


Probe a 


+ 


+ 


Probe b 


+ 




Probe c 




+ 


Probe d 


+ 


+ 



The library size needed to clone the membrane-bound e chain depends on how abundant the mRNA is. 
Assuming secreted IgE comprises 0.1% of the SK007 poly A + RNA; the library size should be about 5,000 
independent recombinant clones to have a 99% possibility to isolate a positive clone. In IgE-producing rat 
75 immunocytoma IR2 and IR162 cells, mRNA for the membrane-bound form of c chain was found to be more 
than 2% of that of the secreted form. Assuming this ratio of membrane-bound/secreted forms of e chain 
holds true for the human IgE-producing SK007 cells, the cDNA library size needed to isolate the 
membrane-bound e chain is about 250,000. In a preferred procedure, a larger number of clones, 1,000,000, 
are screened. 

20 An alternative to the conventional approach of establishing cDNA library and screening the clones * 
representing the cellular mRNA species is to amplify the mRNA by producing high proportions of their 
corresponding DNA. The resulting DNA can then be purified by gel electrophoresis and then subjected to 
sequence analysis. The methodology, referred to as polymerase chain reaction (PCR) amplification, has 
been established in the past few years and complete systems including reagents and equipments have 

25 been commercialized. One preferred system is provided by Perkin Elmer Cetus (Norwalk, CT). The 
reagents kit is the GeneAmp DNA Amplification Reagent Kit and the equipment is the DNA Thermal Cycler. 

Some of the specific reagents used in this approach are the same as used for the cDNA library cloning. 
Since no sequence in the membrane-bound segment of the e chain has been determined, the strategy is to 
amplify both the secreted and membrane-bound forms of e chains. Two primers are to be used, one is 

30 oligo-dT (25-30-mers) and one is the oligomer corresponding to probe d in Figure 2 and Figure 3. Probe d 
is located 5' to the most possible splicing donor site and therefore primes both the secreted and 
membrane-bound forms of e mRNA and DNA. After sufficient amplification, the two populations of DNA 
fragments are resolved by gel electrophoresis. The secreted form of the e chain can be distinguished by its 
reactivity with probe b. The purified DNA's are then subjected to DNA sequencing. 

35 PCR amplification seems to be a more efficient procedure than cDNA cloning for mRNA poorly 
represented in the poly A + RNA pool. The U266 e chain cDNA can be used to work out some preliminary 
annealing conditions between template DNA and oligo-primers. 

Another approach of obtaining a DNA clone containing genes encoding the membrane-bound segments 
is to screen human genomic DNA library. Human genomic DNA library is readily available. A preferred 

40 source is the library constructed using human lung fibroblast WI38 cells provided by Stratagene (La Jolla, 
CA). The genes are in X vector and the inserted DNA have average sizes of 15K bp. Identification of the 
clones can be achieved by hybridization with U266 cDNA clone DNA. The location of the gone segment 
corresponding to the membrane bound region can be determined by using probe prepared from the 
homologous mouse gene of the transmembrane segment (probe c of Figure 2 and Table 4). The sequence 

45 of the membrane-bound segment is then determined. 

10A. The nucleotide sequence of DNA encoding membrane anchoring peptide of human € chain 

Nucleotide sequence of genomic DNA encompassing the encoding segments for the membrane 
50 anchoring peptide of human membrane bound e chain was determined and is shown below along with the 
deduced amino acid sequence for portions of the membrane anchoring peptide. The assignment of the 
exons was made by identifying the nucleotides for splicing donors and acceptors and by comparing to the 
published homologous sequences of mouse membrane bound e chain and of immunoglobulins of other 
classes. 

55 
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w 



15 



20 



25 



30 



- CGCTGCCACTGTGGAGCCCGGAGGGCCTGACTGGCCAG 
solice-acceotor 



GTCCCCcESaG • CTG * GAG • GTG • TGC • GTG * GAG * GAG ■ GCC 
tllu • Leu • Asp ■ Val - Cys • vaJL * GIu • Glu - Ala ■ 



GAG • 
Glu- 



GGC GAG - GCG ■ CCG - TGG * ACG • TGG * ACC • GGC - CTC - TGC - ATC • 
Gly * Glu • Ala ■ Pro • Trp * Thr * Trp - Thr • Gly * Leu • cys • lie * 

TTC • GCC • GCA • CTC ■ TTC • CTG ■ CTC • AGC ■ GTG * AGC • TAC* AGC * 
Phe ■ Ala • Ala • Leu * Phe • Leu • Leu ■ Ser * Val • Ser ■ Tyr • Ser * 

sctice^anar 

GCC - GCC • CTC • ACG * CTC * CTC • ATG -g^GGGCACCCACCTCCAGG 
Ala • Al a • Leu • Thr • Leu • Leu • wet * 

GGCCCAGCCAGGGCAGGGGGTTGGGCAGAGCAGCAGAGCCCCTGACC 
sptice-accQDtor 

CACGCCCTCCCCTcg^TG • CAG * CGG • TTC - CTC • TCA * GCC - ACG ■ 
Val -Gin -Arg- Phe* Leu • Ser -Ala -Thr* 

CGG • CAG • GGG • AGG • CCC - CAG • ACC ■ TCC • CTC • GAC * TAC • ACC - 
Arg ■ Gin ■ Gly * Arg ■ Pro - Gin • Thr * Ser • Leu • Asp • Tyr * Thr * 

AAC ■ GTC • CTC ■ CAG • CCC ■ CAC - GCC ■ TAG • GCCGCGGGCACTCAC 
Asn • Val - Leu - Gin • Pro ■ His • Ala * end 

GCTCCACCAGGCCCAGCTACCC 



Membrane 
exon I 



Iruron 



Membrane 
eron II 



Human e.mb/ec peptide is identified as the first fourteen amino acids encoded by membrane exon I. 
This precedes a stretch of about 25 hydrophobic amino acids which are the transmembrane region. Two 
possibles structures of c.mb/ec are shown below. 

35 Possi b le Structu res_ Of Human* -mb/ec pepti de 

structure I 



40 



SH 



Glu • Leu ■ Asp • Val ■ Cys • Val * Glu • Glu • Ala • Glu • Gly • Glu - Ala • Pro • 



45 



Structure IX 

. Glu -Leu -AST*- Val -Cys -Val -Glu -Glu- Ala -Glu -Gly -Glu -Ala Pro- 

s 

- Glu • Leu - Asp • Val * Cys - Val • Glu • Glu - Ala ■ Glu • Gly • Glu : Ala - Pro - 



50 



As described more fully below, the e.mb/ec peptide can be used to elicit antibodies which react 
specifically with membrane bound immunoglobulin E. For this purpose, the peptides can be chemically 
55 synthesized by standard techniques of protein synthesis. A preferred method for synthesizing the peptides 
is with RaMP system (DuPont, Wilmington, DE), which applies Fmoc chemistry. Alternatively, the proteins 
can be biosynthesized by employing oligodeoxynucleotides encoding the peptide. The nucleotide sequence 
is given as the 5* portion of membrane exon I, above. 
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As immunogens, the proteins may be used in either the monomeric or dimeric structural forms shown 
above. Peptides comprising the human f.mb/ec segment and the connecting four amino acids in the CH* 
domain can also be used. In addition, modified peptides having subtantial immunological equivalency can 
be used. For example, the peptide amino acid sequence shown above can be modified by deletion, 
5 insertion or substitution of one or more amino acids which do not essentially detract from the immunological 
properties of the peptide. The peptides can also be used as polymers where the amino acid sequence 
shown above, or equivalent sequence, is the polymer repeat unit. 

1 1 . Production of the Monoclonal Antibodies of this Invention. 

10 

The monoclonal anti-lgE and anti-idiotypic antibodies of this invention are produced by continuous 
(immortalized), stable, antibody-producing cell lines. The preferred antibody-producing cell lines are 
hybridoma cell lines and myeloma cell lines. In principle, however, the cell lines can be any cells which 
contain and are capable of expressing functionally rearranged genes which encode the antibody variable 

15 regions of the antibody light and heavy chains. Preferably, the cell line should have the capability to 
assemble the chains into functional antibodies or antibody fragments. Thus, lymphoid cells which naturally 
produce immunoglobulin are most often employed. In addition to those previously mentioned, examples of 
suitable lymphoid cells are viral or oncogenically transformed lymphoid cells. 

Hybridoma cells which produce the ige.bl-specific antibodies of this invention can be made by the 

20 standard somatic cell hybridization technique of Kohler and Milstein, Nature 256:495 (1975) or similar 
procedures employing different fusing agents. Briefly, the procedure is as follows: the monoclonal anti-lgE 
antibodies are produced by immunizing an animal with human IgE, or peptidic segments of human IgE 
(secretory or membrane-bound), which are identified as potential components of ige.bl epitope. The 
peptides can be synthesized and conjugated to a carrier protein, such as keyhole limpet hemocyanin, to be 

25 used as an immunogen. Lymphoid cells (e.g. splenic lymphocytes) are then obtained from the immunized 
animal and fused with immortalizing cells (e.g. myeloma or heteromyeloma) to produce hybrid cells. The 
hybrid cells are screened to identify those which produce the desired anti-lgE antibody. 

Human hydridomas which secrete human antibody can be produced by the Kohler and Milstein 
technique. Although human antibodies are especially preferred for treatment of humans, in general, the 

so generation of stable human-human hydridomas for long-term production of human monoclonal antibody can 
be difficult. Hybridoma production in rodents, especially mouse, is a very well established procedure. Stable 
murine hybridomas provide an unlimited source of antibody of select characteristics. Murine antibodies, 
however, may have limited use in the treatment of humans because they are highly immunogenic and can 
themselves induce untoward allergic reactions in the recipient. In the preferred embodiment of this 

35 invention, the anti-lgE and anti-idiotypic antibodies are produced in a rodent system and are converted into 
chimeric rodent/human antibodies by the established techniques described in detail below. As explained 
above, these "near human", chimeric antibodies are preferred for in vivo administration, especially where 
multiple doses are required. 

For the production of the antibodies specific for ige.bl eptiopes on soluble IgE human IgE for 

40 immunization can be purified from human serum. Alternatively, human IgE may be produced by culturing 
an IgE-producing cell line (for example, the cell line U266, ATCC number CRL8033). Human IgE can be 
purified by affinity chromatography. Mouse monoclonal antibodies specific, for human IgE are conjugated to 
a suitable matrix (such as cyanogen bromide-activated Sepharose 4B) to provide an IgE-specific im- 
munoadsorbent. The IgE preparation can be contacted with the immuno- adsorbent which selectively 

45 adsorbs IgE. The adsorbed IgE can thereafter be eluted in substantially pure form from the immunoadsor- 
bent. 

In preferred embodiments, animals are immunized with a vigorous immunization protocol in order to 
produce a high frequency of lymphocytes producing IgE-specific antibodies. Spleen cells are obtained from 
the immunized animal and fused with an immortalizing cells, preferably myeloma cells which have lost the 

so ability to secrete immunoglobulin. Many suitable myeloma cell lines are known in the art. An example is the 
murine myeloma NS-1. Fusion of the spleen cells and fusion partner can be carried out in the presence of 
polyethylene glycol according to established methods. Techniques of electrofusion may also be used. The 
resulting hybrid cells are clonally cultured and then screened for production of anti-lgE antibody. 

Hybridomas producing antibodies which are specific for an epitope present on IgE-bearing B cells and 

55 absent on basophils and which have an affinity for IgE sufficient to block FceR binding to IgE can be 
selected as follows. Hybridomas are first screened for production of antibody reactive with human IgE. This 
can be done by an enzyme-linked immunosorbent assay (ELISA) employing purified human IgE adsorbed 
to a solid phase. 
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One way of obtaining generally high affinity antibodies is as follows. The solid phase for the ELISA is 
coated with very small amounts of human IgE. For example, if a standard microwell plate is used as the 
solid phase, about 50 ii\ of a 0.1 ug/ml solution of IgE is used per well. Hybrids are selected which show a 
comparatively high enzyme activity (optical density level) in the assay. The culture supernatants contain 

5 either relatively higher amounts of antibodies or antibodies of relatively higher affinity or both. 

Hybridomas are then screened for secretion of antibodies which do not react with basophil-bound IgE. 
A preferred method is to screen the antibodies for the inability to induce histamine release by basophils. 
The source of basophils for such histamine release assays is blood leukocytes from donors whose 
basophils are known to be very sensitive for induction of histamine release. An alternative and possibly less 

70 sensitive method is an immunofluorescence staining technique. Basophil leukocytes can be isolated from 
blood. Freshly, isolated basophils have IgE on their surface. Monoclonal antibodies which do not bind 
basophil-bound IgE are specific for an epitope which is at or near a site occupied by the basophil Fee R (and 
hence is inaccessible for the monoclonal antibodies). 

Hybridomas which produce paratope-specific anti-idiotypic antibody can be made by immunizing an 

75 animal with anti-lgE antibody and screening for antibodies which bind the paratope of the immunizing anti- 
lgE antibody, immunization results in production of antibodies against the antigenic determinants on the 
anti-lgE antibody including the idiotype. Anti-idiotype antibodies are first screened for their binding to anti- 
lgE antibody and not other mouse antibodies. Those which are paratope-specific are screened on the basis 
of the antibody's ability to compete the binding of human IgE to the anti-lgE monoclonal antibody used for 

20 immunization. 

Antibody fragments such as F(ab')2, Fab and F v can be produced by standard techniques of enzyme 
digestion. In addition, synthetic peptides representing Fab and F v analogues can be produced by genetic 
engineering techniques. See e.g., Better, M. et al. (1988) Science 240:1041; Huston, J.S. et al., (1988) Proc. 
NaJI. Acad. Sci. USA 85:5879-5883. 

25 The chimeric anti-lgE antibodies are comprised of individual chimeric heavy and light immunoglobulin 
chains. The chimeric heavy chain is a contiguous polypeptide having a rodent (generally murine) heavy 
chain variable region or hypervariable regions and a human heavy chain constant region. The chimeric light 
chain is a contiguous polypeptide having a rodent light chain variable regions or hypervariable regions and 
human light chain constant region. 

30 The chimeric antibodies can be monovalent, divalent or polyvalent. Monovalent antibodies are dimers 
(HL) formed of a chimeric heavy chain associated (through disulfide bridges) with a chimeric light chain. 
Divalent immunoglobulins are tetramers (H2U) formed of two associated dimers. Polyvalent antibodies can 
be produced, for example, by employing heavy chain constant region which aggregate (e.g., mu type 
constant regions). 

35 The variable regions of the chimeric antibodies are derived from the anti-lgE antibody of this invention. 
The heavy chain constant region can be selected from any of the five isotypes alpha, delta, epsilon, gamma 
or mu. Heavy chains of various subclasses (such as the IgG subclasses) can be used. The different classes 
and subclasses of heavy chains are responsible for different effector functions and thus, by choosing the 
desired heavy chain constant region, chimeric antibodies with desired effector function can be produced. 

40 The light chain constant region can be from the kappa or lambda chain. 

In genera!, the chimeric antibodies are produced by preparing a DNA construct which encodes each of 
the light and heavy chains components of the chimeric antibody. The construct comprises fused gene 
comprising a first DNA segment which encodes at least the functional portion of the murine variable region 
(e.g. functionally rearranged variable regions with joining segment) linked to a second DNA segment 

45 encoding at least a part of a human constant region. Each fused gene is assembled in or inserted into an 
expression vector. Recipient cells capable of expressing the gene products are then transfected with the 
genes. The transfected recipient cells are cultured and the expressed antibodies are recovered. 

Genes encoding the variable region of rodent light and heavy chains can be obtained from the 
hybridoma cells which produce the anti-lgE antibodies. For example, the murine hybridoma cell lines which 

50 produce murine anti-lgE antibody provide a source of variable region genes. 

Constant regions genes can be obtained from human antibody producing cells by standard cloning 
techniques. Alternatively, because genes representing the two classes of light chains and the five classes of 
heavy chains have been cloned, constant regions of human origin are readily available from these clones. 
Preferably, the fused genes encoding the light and heavy chimeric chains are assembled into 

55 expression vectors which can be used to cotransfect a recipient cell. Suitable vectors for the gene 
constructs include plasmids of the types pBR322, pEMBL and pUC. Each vector contains two selectable 
genes - one for selection in a bacterial system and one for selection in a eukaryotic system - each vector 
having a different pair of genes. These vectors allow production and amplification of the fused genes in 
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bacterial systems and subsequent cotransfection of eukaryotic cells and selection of the cotransfected cells. 
Examples of selectable gene for the bacterial system are the genes which confer ampicillin and the gene 
which couples chloramphenicol resistance. Examples of selectable genes for eukaryotes are gpt and neo. 
The preferred recipient cell line is a myeloma cell. Myeloma cells transfected by antibody genes" can 

5 synthesize, assemble and secrete immunoglobulins encoded by the antibody genes, Further, they possess 
the mechanism for glycosylation of the immunoglobulin. A particularly preferred recipient cell is the 
Ignonproducing myeloma cell SP2/0. Shulman et al, Nature 276:269 (1 978). The cell produces only 
immunoglobulin encoded by the transfected immunoglobulin genes. Myeloma cells can be grown in culture 
or in the peritoneum of mice where secreted immunoglobulin can be obtained from ascites fluid. Other 

io lymphoid cells such as B lymphocytes or hybridoma cells can serve as suitable recipient cells. 

Lymphoid cells can be transfected with vectors containing immunoglobulin encoding genes in several 
ways. These include eiectroporation, protoplast fusion and calcium phosphate precipitation procedure. The 
resulting transfected cells provide continuous, stable cell lines which produce chimeric antibodies. 

The chimeric antibodies can be produced in large quantity in large scale tissue culture systems such as 

75 various continuous perfusion systems, hollow fiber systems, static maintenance culture systems or other 
systems. 

Near human antibodies or antibody fragments can also be produced by engineering gene sequences of 
human antibodies which encode the hypervariable (complementarity determining) regions providing appro- 
priate anti-lgE specificity. See e.g., Robert, S. et aL, Nature 328:731-733 (1987); Better, M. et al., (1988) 
20 Science 240:1041. 

12. Developing Antibodies to mb/ec Segment. 

The €.mb/ec peptides can be used in the immunization of animals to prepare polyclonal and monoclonal 
25 antibodies. They can also be used to screen for specific monoclonal antibodies or characterize Specific 
polyclonal antibodies. They can also be used to purify monoclonal and polyclonal antibodies. 

In the process of preparing for monoclonal antibodies specific for e.mb/ec peptide, it is not necessary to 
use the c.mb/ec peptide in both immunization and antibody identification. For example, in immunizing mice 
for preparing immune spleen cells for fusion with myeloma cells, the immunogen may be the membrane- 
30 bound IgE isolated from plasma membrane of IgE-bearing myeloma cells, such as SK007 cells. The 
immunogen may also be the IgE-bearing myeloma cells. 

For using the synthetic e.mb/ec peptide for immunogen, it is more effective to conjugate the peptide to 
a protein carrier. A preferred protein carrier is keyhole limpet hemocyanin (KLH). If the peptidic segment 
lacks a Lys residue or if the Lys residue is in the middle part of the segment, it is desirable to add a Lys 
35 residue at the C-terminal end. Because the N-terminus already has an a-amino group, the modified 
synthetic peptide will have two amino groups for linking. 

Multiple molecules of peptides can be conjugated to each molecule of the carrier protein. With KLH, a 
preferred molar ratio for peptide/KLH is 10. The method of conjugation is very well established. Cross- 
linkers such as glutaldehyde or bis (sulfosuccinimidyl) suberate or disulfosuccinimidyl tartarate (Catalogue 
40 #21579, 20591, Pierce Chemical Co., Rockford, IL) have been used; A preferred cross-linker is the latter. 

The immunogen, such as the KLH conjugate, can be used to immunize rabbits, goats, rats, or mice to 
prepare polyclonal antibodies specific for the ^mb/ec peptide. Lymphocytes from the spleen or lymph 
nodes of immunized mice and rats can also be taken to prepare hybridomas secreting monoclonal 
antibodies specific for the ejnb/ec peptide. A preferred protocol to prepare the monoclonal antibodies is to 
45 fuse immune spleen cells of mice with non-secreting mouse myeloma cells, such as NS-1 or SP2/0 cells 
using polyethylene glycol. 

For optimal immunization of mice, 50 ug of the peptide-KLH conjugate in complete Freund's adjuvant is 
injected subcutaneously into each mouse for priming. Two and four weeks later, the same amount of 
antigen is given s.c. in incomplete Freund's adjuvant. At about the six week time point, the fourth antigen 

so injection is given i.p. in saline. Mice are sacrificed 4 days after the last injection and the spleens are taken 
for preparing single cell suspension for fusion with myeloma cells. Similar protocols can also be used for 
immunization with purified native human membrane-bound IgE (having attached membrane anchor domain) 
isolated from the plasma membrane of IgE-bearing human myeloma cells, such as SK007 cells. When 
human IgE-bearing cells are used as the immunogen, 1x10 7 cells are injected i.p. with two week intervals. 

55 The fusion procedure with polyethylene glycol and other various procedures concerning cloning and 
hybridoma culturing have been described in Section 1 1 : 

The screening of hybridomas for monoclonal antibodies or the identification of polyclonal antibodies 
reactive with «.mb/ec peptide can be performed with enzyme linked immunosorbent assays (ELISA) using 
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the synthetic e.mb/ec peptide as the solid phase antigen. An alternative solid phase antigen is the conjugate 
of e.mb/ec peptide with a different carrier protein such as bovine serum albumin different from that used in 
immunogen. Further characterization of the monoclonal and polyclonal antibodies are shown in Table 6. The 
assays employed in these studies are also indicated- The assays are described below. 

Table 6 



The reactivity of antibodies specific for e.mb/ec peptid with different IgE-containing targets. 


Reactivity 


Assays 


Synthetic e.mb/ec peptide 


+ 


ELISA 


Soluble IgE 




ELISA 


Basophils and mast cells 




Immunofluorescence staining Histamine release 


SK007 myeloma cells 


+ 


Immunofluorescence staining 


IgE-bearing B cells 


+ 


Immunofluorescence staining 



13. Experiments with Animal Models. 

20 

The substances and methods are tested on animal model systems. Two of the most relevent systems 
are the following. 

A. Asthma/rhesus monkey model 

25 

The monoclonal antibodies specific for human ^.nnb/ec peptide and their related substances of this 
invention are intended for use to treat patients with various IgE-mediated allergies (sea section 6 below). 
Among these allergies, extrinsic asthma is a more serious form. An experimental model system for studying 
asthma has been established with rhesus monkeys. 
30 A small portion of rhesus monkeys, which have been infected with the nematode, Ascaris suum, 
develop sensitivity to extract of ascaris. When these sensitive monkeys are given spray containing ascaris 
antigen, they develop breathing problems resembling asthma. Patterson, R.,J. Clini. lnvest L 57:586-593 
(1976). 

The various substance of this invention can be experimented in the asthma/rhesus monkey model 
35 system. The ascaris sensitive monkeys are given the experimental treatment or control treatment and 
measurements are made to determine: 

(a) Does the asthma symptoms upon ascaris challenge decline? 

(b) Does the circulating IgE decline? 

(c) Does the circulating IgE-bearing B cells decline? 
40 (d) Does the IgE density on basophils decline? 

B. Mouse model system 

Mice are not known to develop allergic symptoms naturally. However, for demonstrating the phar- 
45 macologic mechanisms of the intended therapy in regards to the depletion of IgE-bearing B cells and IgE, 
the mouse can serve as an excellent model. 

The €.mb/ec segment of mouse has already been sequenced. Ishida, N. et al., EMBO J. 1:1117-1123 
(1982) The 19 amino acid residue peptide is 

Glu-Leu-Asp-Leu-Gln-Asp-Leu-Cys-lle-Glu-Glu-Val-Glu-Gly-Glu-Glu-Leu-Glu-Glu 
so The peptide is synthesized in several forms, including one that has extra Leu-Lys residues at the C- 
terminus. 

The peptide and its KLH conjugate are used as antigens to immunize rabbits and goats. The antisera 
are collected. The antigen-specific antibodies are purified using a column of Sepharose 4B conjugated with 
the peptide (with Leu-Lys addition) or with peptide linked to bovine serum albumin Normal mice are injected 
55 i.v. or i.p. with the purified antibodies or their related substances to study the following questions: 

(a) Does the total IgE in circulation decline? 

(b) Does the number of IgE-bearing B cells decline? 

(c) Does the density of IgE on the surface of basophils decline? 
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(d) Do IgM and IgG specific for ^mb/ec peptide cause different effects? The purpose of this question is 
to address the effects of antibody-dependent cellular cytotoxicity (ADCC) in the depletion of IgE-bearing 
B cells. IgG, not IgM is known to mediate ADCC. 
The invention is further illustrated by the following examples. 

5 

Example h Preparation of_ the Hybridomas and Monoclonal_ Antibodies 
a) Preparation of Human IgE 

w Human IgE was obtained from a commercial source and purified for immunizing mice to obtain immune 
splenocytes for fusion and for screening hybrids. The IgE was also used to characterize the various 
monoclonal anti-lgE antibodies. Two preparations of human IgE were used. One was polyclonal IgE purified 
from human sera, which was obtained from Ventrex (Portland, Maine). This human IgE was purified from 
sera by affinity chromatography using Sepharose 4B column conjugated with rabbit IgG specific for human 

15 IgE. Contaminating human albumin and transferrin were removed by affinity column conjugated with 
antibodies specific for albumin and transferrin. Monoclonal human IgE was also produced from culture 
supernatants of IgE-producing U266 cell line. The IgE was affinity purified on a Sepharose 4B column 
conjugated with a monoclonal antibody specific for human IgE. This monoclonal antibody IgG was purified 
from the ascitic fluids of mice bearing the specific hybridomas with a protein A-conjugated column . 

20 The polyclonal and monoclonal human IgE's were analyzed by SDS-polyacrylamide gel electrophoresis 
under reducing and non-reducing conditions. In both cases, distinctive IgE molecules (under non-reducing 
conditions) and heavy and light chains (under reducing conditions) were observed and only traces of 
relatively very light bands of some other contaminating proteins were present. Since the U266 cell line was 
grown in serum-free, defined medium, we had some clues as to the identity of the contaminating proteins in 

25 the monoclonal human IgE preparation. 

b. Ijppuniza^on Procedure 
1. Procedure 

30 

Male Balb/c mice of initially 6-8 weeks old were used for immunization for preparing immune spleen 
cells for fusion with myeloma cells to produce hybrids, The polyclonal human IgE purified from sera 
provided by Ventrex was used as the immunogen. The rationale for this is that the monoclonal IgE 
produced by U266 cell line might bear certain unknown anomalies. In addition, we did not want to generate 
35 monoclonal antibodies against the idiotypes of U266 IgE, and it would be much more likely to induce anti- 
idiotype responses against monoclonal antibodies. After performing three fusion experiments with mice 
immunized with U266-derived IgE, we switched to fusions with mice immunized with polyclonal, human- 
sera-derived IgE. 

For immunization, each mouse was injected with 50 ug of human IgE per injection. The first 
40 immunization was given in complete Freund's adjuvant. The mice were injected subcutaneously at sites 
with high concentrations of lymph nodes, for example, the underside of the intersection of the limbs and the 
trunk. One month and two months later the mice received subcutaneous booster injections at the same sites 
with 50 ug IgE. The boosters were prepared essentially in the same manner as was the first injection, 
except that for the boosters the emulsification was done in incomplete Freund's adjuvant. 
45 After at least another month, each mouse was reimmunized subcutaneously for the last time (the fourth 
injection) with 50 ug IgE in PBS. Each mouse was injected subcutaneously at the intersection of each limb 
with the trunk, and intraperitoneal ly. Three days after the last injection, the mice were sacrificed and their 
spleens were removed. The spleen cells were then fused with myeloma cells by the following procedure. 

so c) Fusion 

Suspensions containing a five-to-one ratio of spleen cells to myeloma cells were prepared. The 
myeloma cells chosen were NS-1. The NS-1 cells were conditioned to have a doubling time about every 
seventeen hours. They were used for fusion when in the log phase. The NS-1 cells were subcultured in 
55 bacteriological plates (100mm) at a concentration of 6 x 10 4 cells/ml in 10 ml of Dulbecco's Modified 
Eagle's Medium (DMEM) containing 5% fetal bovine serum (FBS), 100 units/ml of penicillin and 100 ug/ml 
of streptomycin. The medium was changed every three days! Alternatively, the cells were subcultured at 1.5 
x 10 5 cells/ml in 10ml of the same medium, and the medium was changed every two days. 
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The spleen cells were prepared by placing the spleen on a bacteriological plate (100 mm) and injecting 
20 ml of calcium, magnesium free PBS (CMF-PBS) into both ends of the spleen to loosen up the spleen 
cells. The spleen cells were then transferred to a 50 ml centrifuge tube. 

The spleen cells were centrifuged at 200 g for five minutes, and then suspended in 5 ml of 0.83% 
5 NH4CI (0.155 M) for 10 minutes at room temperature to lyse the erythrocytes. 5 ml of CMF-PBS was added 
to the tube to stop the lysis. The cells were then pelleted and resuspended in 10 ml of CMF-PBS. 

The concentration of lymphocytes was determined by adding 40 nl of cell suspension to 10 ml of saline 
together with 3 drops of Zap-oglobin™. The number of lymphocytes was counted with a hemacytometer 
and the concentration of cells determined. 
70 The NS-1 cells were transferred from bacteriological plates (100 mm) to a 50 ml centrifuge tube. The 
cell concentration was determined. The NS-1 cells were then suspended in 10 ml of CMF-PBS and mixed 
with spleen cells at 1:5 in a 50 ml centrifuge tube. Routinely, we obtain 2-5 x 10 8 cells from one spleen 
from an immunized animal and we use two spleens in each fusion experiment. 

The cells were spun down and washed once with 10 ml of CMF-PBS. The supernatant was aspirated as 
75 much as possible with a glass Pasteur pipette. The tube was gently tapped to free the cell pellet. 

Prior to preparing the ceils, a fusion mixture had been prepared as follows. 5 g of polyethylene glycol 
1450 (Kodak) had been mixed with 5 ml of CMF-PBS and 0.5 ml of DMSO. This mixture had been warmed 
to 56 °C, titrated to a final pH of 7.0, and filtered through a 0.22 u Millipore filter to sterilize. 1.0 mi aliquots 
had been added to Cryotubes, and these had been stored at -70 • C. 
20 To prepare the fusion mixture for use, one of the aliquots in the Cryotubes was melted by heating it to 
37 • C. Separately, a tube containing 10.0 ml of DMEM (without serum) was heated to 37* C. 

The 1.0 ml aliquot of polyethylene glycol fusion mixture was added to the ceil suspension and the 
suspension was mixed well. Forty-five seconds after the polyethylene glycol fusion mixture had been 
added, 2.0 ml of the pre-heated DMEM (without serum) was added dropwise with mixing. The remaining 8 
25 ml of the pre-heated DMEM (without serum) was then added. The cells were left at room temperature for 10 
minutes. 

2.0 ml of FBS was added to the suspension and the suspensions were mixed well. The combination of 
the FBS and the CMF-PBS can help to prevent adherence of cells to the test tube walls. The suspension 
were then centrifuged at 400 g for four minutes. 
30 After having been spun down, the cells were suspended in about 120 ml of a modified medium, 
supplemented with 5% FBS, 100 units/ml of penicillin, 100 ug/ml of streptomycin, and hypoxanthine, 
aminopterin and thymidine (HAT). 

The concentration of the cell suspension was adjusted to 3.3 x 10 5 of the spleen cells per 200 
microliters of suspension. 200 microliter aliquots of suspension were then distributed to each well of a 96 
35 well microtiter plate. After typically 20-30 such plates were prepared for each fusion, the plates were 
transferred to an incubator and maintained at 37 0 C in 5% CO2 . 

The cells were grown for seven days in the plates, then the growth medium was withdrawn and new 
medium was added. Four days after that, an enzyme linked immunosorbent assay (ELISA, below) was 
performed on the antibodies in the wells to determine which would bind human IgE. 

40 

2. Results 

Four fusion experiments with mice using the above immunization protocols were done. For these 
fusions, 7, 15, 36, and 15 plates of 96 wells of fusion cells were prepared, respectively. More than 98% of 
45 wells had cell growth and a well had on the average 3-5 clones of hybrids. Thus, we produced about 7,000 
wells and probably 21 ,000-35,000 clones in the four fusions. 

d) EUSA Procedure 

so 1. Procedure 

The primary screening procedure for the very large numbers of hybrids resulting from the fusion wells 
was ELISA with human IgE as the solid phase antigen. The polyclonal IgE purified from human sera 
(Ventrex) was used as the antigen. 
55 One important and decisive strategy in our screening procedure was to screen generally high affinity 
antibodies from the 1 ,000-4,000 wells from each fusion experiment. This was done by coating very small 
amounts of human IgE, 50 ul of 0.1 ug/ml onto each well. Assuming all the IgE was bound to the solid 
phase, only 5 ng would be in each well. Because of this small amount, the possibility of screening out 
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hybrids specific for contaminating proteins was also greatly reduced. Another very important strategic point 
was that only wells that show high O.D. readings were chosen for further characterization and for cloning. 

In the procedure, 50 ul of 0.1 ug/ml of human IgE was added to wells of 96-well Immunlon I plates. The 
plates were covered and incubated for eighteen hours at 4°C to allow the protein to bind to the plate. 
5 The liquid contents of the plates were then emptied, and 200 ul of 0.1 M NH^CI was added to each well 
in order to saturate any remaining binding sites on the plates. The NH*CI solution was left in the wells for 
30 minutes at room temperature. 

The NhUCI solution was then removed and the wells were washed three times with PBS and 0.05% 
Tween 20. Some of the PBS/0.05% Tween 20 solution was left in the wells until the antibody suspension 
to described below was added. 

50 ul of the cell fusion supernatant from each well of the 96 well plates was added to each of the wells 
on the Immulon I plates, and incubated for one hour. Following incubation, the plates were rinsed three 
times with PBS/0.05% Tween 20 in order to remove any unbound antibody. 

The cell fusion supernatant would contain the antibody which was produced by the various hybridomas 
75 in the 96 well plates. The antibody which was specific to human IgE would bind thereto. The amounts of 
antibodies bound to the solid phase were then determined by a routine procedure using horse-radish 
peroxidase-conjugated goat-anti-mouse IgG, using 3,3\5,5'-tetramethyl benzidine as the substrate. 

2, Results 

20 

From the approximate 7,000 wells screened totally, about 4,000 wells (about 60%) were positive in the 
ELISA. Most of these positive wells probably contained hybrids producing monoclonal antibodies for human 
IgE. From these approximately 4,000 wells in the ELISA, we chose 53 wells with the highest O.D. readings 
for cloning and further characterization. 
25 The 53 monoclonal antibodies were checked in ELISA using wells of plates coated with human serum at 
various dilutions. All of them were negative in the ELISA suggesting that they did not react with human 
albumin, IgM, transferrin, or other major serum proteins which might have contaminated the IgE prepara- 
tions used as the immunogen for mice and as the antigen in the primary screening ELISA. 

30 d) Singje CeN Cloning 

Cell suspensions from each of the 53 wells with. the highest O.D. readings in ELISA were expanded in 
the wells of a twenty-four well plate, the cell suspensions were diluted to thirty! fifty and one hundred cells 
per milliliter. 0.1 ml of the diluted cell suspensions (containing an average of three, five and ten cells, 
35 respectively) was placed into the wells of a 96-well plate. The wells had been coated with histone. 

After the cells grew up to become colonies, the cells were checked under a microscope. The ceils of 
each colony did not move about and form colonies. The single-cell clones showing strongest reactivities in 
ELISA were chosen and expanded in culture. 

40 e) Production and _Pu nf i cati on_ of Monoclonal_ Antibodies 

To produce large quantities of desired monoclonal antibodies, the following procedure was performed. 

Some of the clones showing high O.D. readings in ELISA, which were grown in the wells in the twenty- 
four well plates, were expanded further in 100 mm tissue culture plates. The expanded culture of the 
45 selected single-cell clones were then separately injected into the peritoneal cavity of prestane treated mice, 
using five million cells per mouse. After seven days the ascites fluid of each mouse was collected and 
frozen. 

The monoclonal antibodies in the ascitic fluid were purified as follows. The frozen ascitic fluid was 
thawed and filtered through a nylon cloth to remove viscous material. Sufficient phenylmethyl sulfonyl 
so fluoride was added to the ascitic fluid so that there was a final concentration of 0.1 mM. 0.05 ml of 1.2M 
acetate buffer (pH 4.0) was added for every milliliter of ascites fluid. The final concentration of the acetate 
buffer was 60 mM. The pH was adjusted to 4.5. 

For every milliliter of treated ascites fluid, 25 ul of caprylic acid (MW of 144.21, density of 0.91 g/ml) 
was added dropwise with vigorous stirring. The suspension was kept at room temperature and stirred 
55 continuously for 30 more minutes. 

The suspension was then centrifuged at 15,000 g for ten minutes in order to remove the precipitate. 
The supernatant, which contains IgG, was neutralized by adding a volume of 1 M HEPES buffer (pH 8.0) 
equal to one-tenth the volume of the supernatant. The IgG was then precipitated with 50% (NH^^SO^. 
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The precipitate was then dissolved in HEPES saline buffer. This solution was dialysed overnight against 
HEPES saline buffer in order to remove (NH^SO* from the IgG. The HEPES saline buffer was changed 
twice during the dialysis. After dialysis, the HEPES buffer saline contains purified dissolved IgG. The 
purified IgG was used in certain characterization assays. 

5 Some monoclonal antibodies were purified from ascites or culture fluid by a dual column chromatog- 
raphy method. First, antibodies were chromatographed on DE-52 anion exchange resin (Whatman, Maid- 
. stone, England) using 0.05M Tris pH 8.0 with stepwise increments of NaCI from 0.01 M to 0.15M. Antibody- 
containing fractions were identified by enzyme immunoassay, concentrated by Amicon filtration (Amicon, 
Danver, MA, YM10 membrane) and purified further on a hydroxylapatite column (Bio-Gel HT; BioRad, 

70 Richmond, CA) using a 0.01 to 0.3M phosphate buffer (pH 7.4) step gradient. Purity was assessed by 
isoelectric focusing (13) and SDS-PAGE using the Pharmacia PHAST system (Pharmacia, Piscatway, N.J.) 
and the concentration determined by OD 3 sonm (1.5 =. 1 mg/ml). 

Example II: Characterization of Jhe Monoclonal Antibody ofthelnvention 

15 

a) Binding Jo_ Basophils Using an lmmunof^uorescence Assay and a Radiobi nd i ng Assay 

The IgE-reactive monoclonal antibodies have been studied to determine whether they bind to basophils 
isolated from peripheral blood. From this second level of screening, we chose antibody to have the 
20 therapeutic value. The antibody must not bind to basophils and mast cells and cause the release of 
pharmacological mediators. 

Intially, we chose to use immunofluorescence staining assay because basophils account for very small 
percentages (0.5-2%) among leukocytes. We believed that even with enriched basophil preparations, 
examining cells at the single cell level using immunofluorescence staining or biotin-avidin enzyme 
25 immunostaining probably gave more precise determination than radiobinding or ELISA examining the total 
cell populations. 

1. Isolation of basophils 

30 Basophils were highly enriched from peripheral blood of normal, healthy individuals using density 
centrifugation on Percoll by adopting a procedure described by P. Raghuprasad., J. Jmmunol. 129:2128- 
2133 (1982). Briefly, Percoll stock solution was prepared by mixing 90 ml 90% Percoll solution with 8.96 ml 
10x Hanks-balanced salt solution, 0.45 ml 1N HCI, and 1 ml 10x HEPES buffer (pH 7.6). The required 
densities of Percoll were prepared by using the following formula (8): Percoll density (g/ml) = (% Percoll 

35 stock solution x 0.001186) + 1.0041, where 0.001186 is a constant and 1.0041 the density of physiologic 
media. Because the density of Percoll is altered by temperature, it is prepared before the day of experiment 
and kept at room temperature overnight. 

Heparinized blood freshly obtained from normal donors was diluted 1:1 with basic culture medium 
RPM1-1640 and centrifuged on a Ficoll/Hypaque cusion (density = 1.070 g/ml). The mononuclear cells at 

40 the interface were removed for other uses and the whitish layer on top of the red cell pellets was recovered. 
These granulocytes were washed and resuspended in basic medium and then centrifuged through two 
carefully layered Percoll gradient of 1.072 and 1.078 g/ml at 600 x g for 15 minutes. The cells recovered at 
the interface of the Percoll layers and below the interface of basic medium/upper Percoll layer were 
harvested. These cells contained 2-10% of basophils, depending on the particular individual donors. 

45 

2. Assay Procedure 

50 ul of the enriched basophil suspension at a concentration of 5 x to 6 cells/ml was added to each of 
1.5 ml microfuge tubes containing specific antibodies. 50 ul of the supernatants from the hybridoma clones 
so showing the greatest O.D. readings in ELISA with human IgE as the antigen was then added to each tube. 
With some clones repetitious assays were performed. When purified antibodies were available, they were 
used at 20, 5 and 1 ug/ml; when ascitic fluids were available, they were used at 1:50 dilutions. 

The tubes with cells and antibodies were then incubated for 30 minutes at room temperature. After 
incubation, the tubes were spun, the supernatant was withdrawn, and the cells were washed two times with 
55 a mixture of RPMI 1640, containing 2% fetal calf serum and 0.1% sodium azide. The tubes were then 
tapped to loosen the cell pellet. 

10 ul of labeled antibody, goat anti-mouse IgG conjugated with fluorescein isothiocyanate (FITQ.was 
added to each test tube at a dilution of 1 to 200. This labeled antibody will bind to any monoclonal 
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antibodies which have attached to IgE on basophils and provide a means for identifying these monoclonal 
antibodies. 

The tubes were again incubated for 30 minutes at room temperature. The tubes were centrifuged, and 
the cells were washed with the same medium as before. The cells were then resuspended in 50 ul PBS, 
5 placed onto individual slides and cover-slipped. The cells were viewed with a fluorescence microscope. 

When the antibodies stained cells, one could observe that some of cells in each viewing field were 
stained bright. Depending on experiments the percentages of positively stained cells range about 2-10%. 

3. Radiobinding Assays 

w 

Many of the steps used are similar to those for immunofluorescence staining. The leukocyte fraction 
containing enriched basophils is incubated with the mouse monoclonal antibody and about 10,000 cpm of 
125 l-goat anti-mouse IgG in the presence of 1% normal goat serum as a blocker for nonspecific binding. 
After 30 minutes, the incubation mixture is then overlaid on top of calf serum (100%) in a conical plastic 
75 centrifuge tube. After centrifugation to pellet the cells, the upper layer and the serum are removed. The 
tubes are inverted to drain the residual liquid. The tips of the cones containing the cell pellet are then cut 
off with a sharp razor blade. These tips are then placed in tubes and counted for 125 1 in a scintillation 
counter. It is determined whether the binding is positive or negative by comparing the amounts of bound 
125 1 between negative control monoclonal antibody and the human IgE-specific monoclonal antibodies. 

20 

4. Results 

Initially, several experiments were performed using immunofluorescence assays. More recently, tests 
were repeated using similar procedure employing biotin-labeled second antibody (goat anti-mouse IgG) and 

25 peroxidase-conjugated avidin. The results from the two assays indicated that the background staining varied 
from one antibody to another antibody. The results also indicate that sensitivities of the assays are not 
better than those of histamine release assays (below). The major reason for the relatively lower sensitivities 
in these as says was that the percentages of basophils in the blood leukocytes from the few donors 
selected were all very low. Individuals with relatively high basophil percentage are preferred for these 

30 immunobinding experiments. Starting with leukocytes high in basophils, one can then prepare basophil- 
enriched fraction, that will be suitable for these experiments. 

b) Induction pf_h[stamine re|eas_e from bloqd leukqcytes 

35 When a monoclonal antibody specific for human IgE bind to the IgE bound on basophils, it will cross- 
link the IgE and aggregate the underlying FceR molecules and cause the release of histamine and other 
pharmacological mediators. The various human IgE-specific monoclonal antibodies were tested for ability to 
induce histamine release from washed human peripheral blood leukocytes. 

40 1. Procedure 

The method employed was the same as described in detail by Siraganian and Hook. The in vitro assay 
quantitated the percentages of total histamine in the leukocyte population that was released into the culture 
medium upon the incubation of inducers. The determination of histamine in the medium or cell lysates was 

45 done with an automated instrument which extracted histamine with n-butanol and reacted it with a coupling 
compound, o-phthaldehyde at high pH to form a fluorescent product, and measured it with fluorometer. 

We performed the histamine release induction experiments, and collected media from leukocytes after 
the incubation with the antibodies to be tested and control antibodies, and prepared cell lysates to 
determine total histamine amounts. 

so To briefly describe the best procedure for histamine release from washed leukocytes, we adopted 
essentially the procedure described by Siraganian, R.P. and Hook, W.A. in Manual pf_Clinica[ Chemistry, ed. 
Rose, N.R. and Friedman, H„ 2d Ed,, pps 208-321, American Society of Microbiology, Washington, D.C. The 
blood was drawn from normal volunteers by venipuncture. In 50 ml conical tube, each 10 ml blood was 
mixed with 1 ml 0.1 M EDTA and 2.5 ml dextran dextrose solution. (All solutions and reagents mentioned 

55 here are described in detail by Siraganian, supra.) The mixture was allowed to settle at room temperature 
for 60-90 minutes until a sharp interface developed between the erythrocyte and plasma layers. The 
plasma-leukocyte-platelet layer was drawn off and spun at 1,100 rpm for 8 minutes at 4*C. The 
supernatants containing the platelets were removed and 2-3 ml solution of cold PIPES A-EDTA was added 
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and the cells were resuspended. Another 40 ml of cold PIPES A-EDTA was added and the cells were spun 
down. After the supernatants were removed, the cells were resuspended in 20 ml PIPES A. The cells were 
then spun down again and resuspended in PIPES ACM at cell density of 4 x 10 6 /ml. 

Tubes containing 0.3 ml of the washed leukocytes and tubes containing 0.3 ml of the culture medium of 
5 hydridomas were warmed up to 37 • C in 6 minutes. The contents of the tubes were mixed and incubated at 
37 °C with shaking every 10 minutes. At the end of 60 minutes, the cells were spun down and the 
supernatants were saved. For the determination of total histamine content, 0.3 ml of the washed leukocytes 
were mixed with 6% perchloric acid. 

70 2. Results 

Recognizing the unreliability in the nature of the histamine release among the blood donors available to 
us, we contracted the histamine assay to an outside laboratory which routinely performs histamine release 
assays. Dr. Donald MacGlashan's laboratory in the Department of Clinical Chemistry in Johns Hopkins 

75 University determined most of our human IgE-specific monoclonal antibodies for abilities to induce 
histamine release from basophils. The key results relating to those monoclonal antibodies which did not 
induce histamine release were then confirmed at Dr. Reuben Siraganian's laboratory in National Ihsitute of 
Health. Both of these laboratories have established a stable population of high histamine releasers from 
screening large number of blood donors. The results of the extensive studies using leukocytes from seven 

20 donors including at lease four high releasers performed by Dr. MacGlashan are summarized in Table I. The 
antibodies were diluted 100,. 10,000, or 1,000,000 folds from ascitic fluids or purified antibodies (1 to 5 
mg/ml). The histamine release data were from one representative "superreleaser". The results showed that 
among the 41 monoclonal antibodies, 12 did not induce histamine release. 

25 
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TABLE I 



Reacmrv With IgE-Bearin? Cells and Ability to 
Induce Histamine Release by Basophils of 
Mouse Monoclonal Antibodies SpeciSc for Human IgE 
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Grout) I 

ElOl-1 Jfc) 
E8-5-3 (na. jfc) 
E10-21-15 (n, k) 
E10-8-I20 (n, k) 
E10-12-55 (m, k) 
Ell-4-70 (/a) 

Groiio II 

ElO-55-31 (n, k) 
E8-13-1 (n, Jfc) 
E8-32-9 (n, Jfc) 
E357-4 (n, *) 
E8-37-4 (n, jfc) 
E8-t-17 (n, Jfc) 

Grous HI 

E69-2 (n, it) 

E10-100-9 (73a, Jfc) 

E1CM1-16 
E10-95-3 (ra, Jfc) 
E10-68-10 (n, it) 
E10-10-3 (n, Jfc) 
E10-5-83 (r, Jfc) 
E10-24-23 (r*, jfc) 
E10-27-5 (/a, Jfc) 
. E10-22-S4 (n*, Jk) 
E10-74-28 (n, jfc) 
ElO-1-88 {n, Jfc) 
E10-3-14-25 (n. Jfc) 
E10-7-19 (n, jfc) 
E10-1S-3 (a i) 
E10-40-62 (ts, Jfc) 
E10-19-I2 (n, k) 
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Binding to SS007 C*U Histamine Release 

Monoclonal Antibody Dilution 
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c) Binding oi_ monoclojial antibodies toJgE-secreting Myeloma Cells 

25 

Some myeloma cells (which are tumor cells derived from imrjnunoglobulin-secreting plasma cells) are 
known to express low levels of immunoglobulins on their surface, compared to those on the surface of 
resting B cells. IgE molecules are bound to the surfaces of basophils (or mast cells) and B cells by two 
different mechanisms. IgE binds to basophils and mast cells via the interaction of FceR molecules on these 

30 cells and a certain site on the Fc of IgE. IgE are synthesized by B cells or plasma ceils and are transported 
to the cell surface and retained on the surface by an extra constant heavy chain segment. This anchoring 
segment is found only in membrane-bound immunoglobulins and not in secreted forms of immunoglobulins. 
The differential binding of a monoclonal antibody to IgE on basophils and on B cells is a fundamental basis 
for the application of the antibodies for therapy of allergy. 

35 Since IgE-bearing B cells and plasma cells are very few in the mononuclear leukocyte fraction and 
since the topographical and structural characteristics of membrane-bound IgE molecules are most likely the 
same on plasma cells, B cells or IgE-secreting myeloma cells, we have chosen to study the binding of 
monoclonal antibodies to IgE myeloma SK007 (from American Type Culture Collection) cells. The inter- 
action of the monoclonal antibodies can also be examined with normal IgE-bearing B cells and plasma cells. 

40 

1. Procedure 

Human SKO-007, CCL-156 and CCL-159 cells, expressing surface-bound human IgE-lambda, IgM- 
larnbda and IgGl -kappa, respectively, were maintained in RPMf medium 1640 supplemented with 5% fetal 

45 bovine serum and 2mM glutamine from GIBCO and 1% antibiotic-antimycotic solution. Peripheral blood 
mononuclear cells obtained by venipuncture of healthy donors were prepared by Ficoll-Hypaque (Phar- 
macia, Piscataway, N.J.) density gradient centrifugation. Binding of monoclonal antibodies to cell surfaces 
was assessed using two types of assays: binding of antibodies to live cells followed by indirect fluorescent 
flow cytometric analysis and an enzyme-linked antibody assay with the cells attached to microtiter plates. 

so Binding of antibodies to live cells was performed by pelleting the cells by centrifugation at 300xg for 5 
min. washing maintenance media from the cells with PBS-BSA and resuspending the cells at 20x1 0 6 in 
PBS-B. Fifty ixl of cell suspension was mixed with 50 ul of antibody at twice the stated concentrations (i-10 
ug/ml) in PBS-B and kept on ice. After a 30 min incubation, 2 ml of ice cold PBS-B was added to each 
tube, and the cells were collected by centrifugation at 300xg for 5 min at 5 9 C. Supernatant was decanted, 

55 cell pellets resuspended by vortexing and cells washed once with an additional 2 ml of PBS-B. After 
collecting the cells by centrifugation, 20 ul of affinity purified goat F(ab') 2 anti-mouse IgG (H + L) 
(Boehringer Mannheim, Lot 52934, code 60529) diluted 1:20 in PBS-B was added to each tube. The tubes 
were incubated 20 min on ice and washed with PBS-B as above. Finally, cell pellets were resuspended in 
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0.5 ml of 1% paraformaldehyde (Polysciences, Inc., Warrington, PA) in PBS. Cells were analyzed using a 
EPICS Profile (Coulter, Hialeah, FL) equipped with a 5W argon laser running at 488 nm, 0.6W at Cytology 
Technology, inc. (Houston, TX). Fluorescence intensity was collected with a built-in logarithmic amplifier 
after gating on the combination of forward light scatter and perpendicular light scatter to discriminate viable 
5 cells. 

The cell-bound enzyme-linked antibody assay was performed by binding MAbs to glutaraldehyde-fixed 
cells according to the method of Kennett, R.H. in Monoclonal Antibodies, eds. Kennett, R.H. et al., pp. 376, 
Plenum Press, New York (1980). Poty-Llysine (100 ul/well, 10 ug/ml in PBS) was added to flat bottomed 
microliter plates (Falcon #3072, Becton Dickinson Labware, Oxnard, CA). This solution was flicked out of the 

w wells after 30 min at 22 *C and 50 ul of cells at 2.5x10 6 cells/ml of calcium and magnesium-free Dulbecco- 
modified PBS (GIBCO) was added to each well. Cells were deposited on the bottom of the wells by 
centrifugation at 300xg for 5 min and cells were fixed at 22 «C for 10 min by adding 50 ul of glutaraldehyde 
diluted to 0.25% in ice-cold PBS. Non-specific binding sites were blocked by sequential incubation of 0.1 M 
glycine-0.1%BSA in PBS (200 ul/well) followed by Blotto [5% non-fat dry milk (Carnation, LA, CA) in PBS 

75 with 1 g/L of thimerosal]. Blocking solutions were removed by gentle flicking of the plate. Cells were 
exposed to 50 ul/well of control or test monoclonal antibody in Blotto for 1 hr at 37 *C. Unbound antibody 
was removed by flicking the plate and washing 6 times with 200 ul/well of PBS using a Transtar 96 
pipetting device (Costar, Cambridge, MA). Subsequently, the cells were incubated with 50 ul biotin-labeled 
affinity-purified goat anti-mouse lgG(KPL, Gaithersburg, MD) at 0.5 ug/ml in Blotto for 1 hr at 37 *C. All 

20 wells were washed as above and horseradish peroxidase-streptavidin was added at 0.5 ug/ml in Blotto for 1 
hr at 37 *C. Unbound conjugate was removed by washing as above and 100 ul of TMB substrate was 
added. The plates were kept in the dark for 30 min at 22 *C and the reaction was stopped with the addition 
of 50 ul/well of 4N H2SO4- Optical density at 450 nm was measured using a Biotek microtiter plate reader. 

25 2. Results 

Among the 41 monoclonal antibodies tested with flow cytometric analyses, 35 were shown to stain 
SK007 cells. All of the 29 monoclonal antibodies which induced histamine release from basophils, stained. 
Among the 12 monoclonal antibodies, which did not induce histamine release, 6 stained and 6 did not stain 

30 SK007 cells (Table I). The results with enzyme immunostaining were the same as those with flow 
cytometric assays. Thus, in the group of monoclonal antibodies that have been analyzed, six fit the criteria 
that they do not bind to basophils and induce histamine release and that they bind to IgE-producing B cells. 
As discussed earlier, Siraganian and his colleagues (Fed. Proc. 46:1346, (1987)) developed two mouse 
monoclonal antibodies (E14C5IB1 and E11AC3IIC) against human IgE that could inhibit binding of IgE to 

35 basophils. We obtained these two antibodies from Dr. Siraganian and showed that they bind to SK007 cells 
and did not induce histamine release from basophils. 

d) Determining^ the Binding Affinity with Human jgE 

40 1 . Principle and Procedure 

It is well known that the sensitivity of immunoassays depends on the affinities of the antibodies for the 
substances to be measured. In the cases of solid phase sandwich immunoassays using two monoclonal 
antibodies, one as the solid-phase adsorbent and one as the tracer, both of the affinities of the two 
45 monoclonal antibodies for the antigen are important. The influence of antibody affinity on the performance 
of different antibody assays and the use of immunoassays for calculating antibody affinity have been 
systematically studied. Nimmo et al. J. Immunol Met. 72:177-187 (1984); Muller J. Immunol Met. 34:345- 
352(1980). 

For determining the affinity of a monoclonal antibody for an antigen, one can coat the antigen on the 
50 solid phase of an immunoassay, for example, the microtiter wells of a 96-well ELISA plate. The affinity of a 
monoclonal antibody relative to that of a reference monoclonal antibody for the same antigen on the solid 
phase can be determined by comparing the two monoclonal antibodies in the immunoassay. The affinity or 
the association constant of the reference monoclonal antibody has been determined by a certain other 
method or a similar method. The O.D. readout of the monoclonal antibody which affinity is to be determined 
55 in comparison to that of the reference monoclonal antibody will indicate whether the affinity of that 
monoclonal antibody is greater or lower than that of the reference monoclonal antibody. 

When a reference monoclonal antibody is not available, the analysis can be made against a reference 
monoclonal antibody specific for a different antigen. By coating same molar amount antigen on the solid 
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phase and applying all other assay conditions and parameters identical, the relative affinity of the two 
monoclonal antibodies can be determined from the O.D. readouts. 

In our determination of the affinities of the several human IgE-specific monoclonal antibodies that bind 
to SK007 cells but do not induce histamine release from basophils, we compared the binding of various 

5 monoclonal antibodies to human IgE with that of a monoclonal antibody to human 0-HCG, which affinity has 
been determined to be 1 x 10 11 liter/mole. In our assays, we coated 50ul of 0.1 ug/ml of 0-HCG or human 
IgE on the wells of an ELISA plate and titrated the anti-HCG monoclonal antibody and the various 
monoclonal antibodies against the respective antigens on the solid phase. The procedure was in effect the 
same as described in the ELISA procedure in Example I. By using horseradish Peroxidase-conjugated goat- 

70 anti-mouse IgG and the enzyme substrate, the titration curves were determined. 

The affinity of monoclonal antibodies of interest can also be determined by 125 l-labeled human IgE. The 
solutions of the antibodies and 125 HgE of known concentrations are mixed and the mixture is allowed 
sufficient time (24 hours) for the binding to reach to equilibrium. The immune complexes are then swiftly 
removed by affinity adsorption using excess Sepharose 4B conjugated with goat-anti-mouse IgG. The free 

75 125 l-lgE is washed off swiftly. From the proportions of free 125 l-lgE and bound 125 l-igE, the association 
constant, Ka, of the monoclonal antibody can be calculated. This method is especially suitable for 
antibodies of high affinity. 

2. Results 

20 

The six monoclonal antibodies that do not induce histamine release from basophils and that bind to 
SK007 cells have been determined to have association constant, Ka, in the range of 3x1 0 8 to 5x1 0 9 
liter/mole. 

25 Claims 

1. An antibody or a fragment thereof which 

a) binds to IgE bearing lymphocytes and 

b) does not bind to basophils and mast cells, for use in therapy. 

30 

2. The antibody or fragment thereof according to claim 1 which does not bind to soluble IgE. 

3. The antibody or fragment thereof according to claim 1 which additionally binds to soluble IgE. 

35 4. The antibody or fragment thereof according to claim 2 which is a mouse lgG2a, human lgG1 or lgG3 
subclass antibody. 

5. An antibody or a fragment thereof which specifically binds to IgE bound to the membrane of B cells but 
not to the soluble form of the IgE. 

40 

6. An antibody or a fragment thereof which specifically binds to the extracellular segment of the 
membrane-bound domain of an IgE chain. 

7. The antibody or fragment thereof of claim 5 or 6 wherein the IgE is human IgE. 

45 

8. The antibody or fragment thereof according to any one of claims 1 to 7 which is a human antibody or a 
fragment thereof. 

9. The antibody or fragment thereof according to any one of claims 1 to 8 which is a monoclonal antibody 
50 or a fragment thereof. 

10. A monoclonal anti-idiotypic antibody or a fragment thereof specific for the paratope of an antibody or 
fragment thereof according to any one of claims 1 to 9. 

55 11. The antibody or fragment thereof according to any one of claims 1 to 10 which is a chimeric antibody 
or a fragment thereof. 
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12. The antibody or fragment thereof according to claim 11 which is a chimeric rodent/human antibody 
having an antigen binding region of rodent origin and a constant region of human origin. 

13. The antibody or fragment thereof according to claim 12 wherein the rodent is a mouse. 

5 

14. The chimeric antibody or fragment thereof according to claim 12 or 13 wherein the antibody or 
fragment thereof has a murine antigen binding region and a human gamma 1 or gamma 3 heavy chain 
constant region. 

w 15. An immunotoxin for use in therapy comprising an antibody or a fragment thereof according to any one 
of claims 1 to 14 conjugated to a cytolytic or cytotoxic agent. 

16. The immunotoxin according to claim 15 wherein the cytolytic or cytotoxic agent is ricin, Pseudomonas 
toxin, diphtheria toxin, pokeweed antiviral peptide, trichothecenes, radioactive nuclides or membrane 

75 lytic enzymes. 

17. A continuous, stable cell line which secretes a monoclonal antibody according to any one of claims 10 
to 14. 

20 18. The cell line according to claim 17 which is a hybridoma cell line. 

19. The cell line according to claim 18 which is a murine hybridoma. 

20. A peptide capable of eliciting an antibody response, wherein the antibody produced specifically reacts 
25 with membrane bound IgE and having the amino acid sequence 

Glu Leu Asp Val Cys Val Glu Glu Ala Glu Gly Glu Ala Pro and modifications of the peptide in which 
amino acids have been deleted, inserted or substituted without essentially detracting from the 
immunological properties thereof. 

30 21. The peptide of claim 20 conjugated to a carrier protein. 

22. The peptide of claim 21 wherein the carrier protein is keyhole limpet hemocyanin. 

23. A method of producing antibodies or fragments thereof according to claims 1, 2, 4, 5, 6, 7 or 8 
35 comprising the steps of 

(a) immunizing an animal with a peptide according to any one of claims 20 to 22 or IgE molecules 
comprising at least the extra-cellular segment of the membrane-bound domain; and 

(b) obtaining antibodies or cells that produce antibodies specific for the peptide or the extra-cellular 
segment of the membrane-bound domain from the immunized animal. 

40 

24. An antibody reactive with a peptide according to any one of claims 20 to 22. 

25. The antibody of claim 24 which is monoclonal. 

45 26, A pharmaceutical composition comprising an antibody, a fragment thereof, an immunotoxin or a peptide 
according to any one of claims 1 to 16, 20 to 22, 24 or 25. 

. 27. The pharmaceutical composition according to claim 26 further comprising a factor enhancing antibody- 
dependent cellular cytotoxicity. 

so 

28. The pharmaceutical composition according to claim 27 wherein the factor is GM-CSF, M-CSF or 
macrophage activation factor. 

29. The pharmaceutical composition according to any one of claims 26 to 28 for the treatment or 
55 prophylaxis of IgE mediated allergy. 

30. Use of an antibody, fragment thereof, immunotoxin or peptide according to any claims 1 to 16, 20 to 
22, 24 or 25 for the preparation of a pharmaceutical composition for the treatment or prophylaxis of IgE 
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mediated allergy. 

31. A method of producing a hybridoma which secretes an antibody which binds IgE bearing B cells but 
not basophils, comprising: 

5 (a) immunizing an animal with IgE; 

(b) obtaining lymphoid cells from the immunized animal; 

(c) fusing the lymphoid cells and an immortalizing cell to produce hybrid cells; and 

(d) selecting hybrid cells which produce antibody that: 

(i) does not bind IgE bound to the surface of basophils; and 
w (ii) specifically binds to IgE expressed on IgE-bearing B cells. 

32. The method of claim 31, wherein the IgE is human IgE. 

33. The method of claim 31 or 32, wherein the animal is a mouse. 

75 

34. A method of identifying IgE-bearing B lymphocytes in mixed leukocyte populations, comprising 
contacting a sample of the leukocytes with the antibody or fragment thereof according to any one of 
claims 1 to 14, 24 or 25 and determining to which cells the antibody or fragment thereof bind, wherein 
binding of the antibody indicates IgE-bearing cells. 

20 

Patentanspruche 

1. Antikorper oder dessen Fragment, der/das 

a) an IgE-tragende Lymphocyten bindet und 
25 b) nicht an Basophile und Mastzellen bindet, 

zur therapeutischen Verwendung. 

2. Antikorper qder dessen Fragment nach Anspruch 1 , der/das nicht an losliches IgE bindet. 

30 3. Antikorper oder dessen Fragment nach Anspruch 1, der/das zusatzlich an losliches IgE bindet. 

4. Antikorper oder dessen Fragment nach Anspruch 2, der/das ein Antikorper der Maus-lgG2a-, Human- 
lgG1- oder -lgG3-Subklasse ist. 

35 5. Antikorper oder dessen Fragment, der/das spezifisch an IgE, das an die Membran von B-Zellen 
gebunden ist, nicht aber an die losliche Form des IgEs bindet. 

6. Antikorper oder dessen Fragment, der/das spezifisch an den extrazellularen Abschnitt der membrange- 
bundenen Domane einer IgE-Kette bindet. 

40 

7. Antikorper oder dessen Fragment nach Anspruch 5 oder 6, wobei das IgE menschliches IgE ist. 

8. Antikorper oder dessen Fragment nach einem der Anspruche 1 bis 7, der/das ein menschlicher 
Antikorper oder dessen Fragment ist. 

45 

9. Antikorper oder dessen Fragment nach einem der Anspruche 1 bis 8, der/das ein monoclonaler 
Antikorper oder dessen Fragment ist 

10. Monoclonaler anti-idiotypischer Antikorper oder dessen Fragment, der/das spezifisch fur das Paratop 
so eines Antikorpers oder dessen Fragmentes nach einem der Anspruche 1 bis 9 ist. 

11. Antikorper oder dessen Fragment nach einem der AnsprQche 1 bis 10, der/das ein chimarer Antikorper 
oder dessen Fragment ist. 

55 12. Antikorper oder dessen Fragment nach Anspruch 11, der/das ein chimarer Nagetier-/menschiicher 
Antikorper oder dessen Fragment ist, der/das einen Antigen-Bindungsbereich mit Nagetierursprung und 
einen konstanten Bereich mit menschlichem Ursprung aufweist. 
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13. Antikorper Oder dessen Fragment nach Anspruch 12, wobei das Nagetier eine Maus ist. 

14. Chimarer Antikorper oder dessen Fragment nach Anspruch 12 oder 13, wobei der Antikorper oder 
dessen Fragment einen Maus-Antigen-Bindungsbereich und den konstanten Bereich einer menschli- 

5 chen schweren gamma 1- oder gamma 3-Kette aufweist. 

15. Immuntoxin zur therapeutischen Verwendung, umfassend einen Antikorper oder dessen Fragment nach 
einem der Anspruche 1 bis 14, der/das mit einem cytolytischen oder cytotoxischen Agens konjugiert 
ist. 

10 

16. Immuntoxin nach Anspruch 15, wobei es sich bei dem cytolytischen oder cytotoxischen Agens urn 
Ricin, Pseudomonastoxin, Diphtherietoxin, antivirales Kermesbeeren- (pokeweed-j Peptid, Trichothece- 
ne, radioaktive Nuclide oder membranlysierende Enzyme handelt. 

75 17. Kontinuierliche stabile Zellinie, die einen monoclonalen Antikorper nach einem der Anspruche 10 bis 14 
sekretiert. 

18. Zellinie nach Anspruch 17, die eine Hybridom-Zellinie ist. 
20 19. Zellinje nach Anspruch 18, die ein Maushybridom ist. 

20. Ein zum Auslosen einer Antikorperantwort fahiges Peptid, das die Aminosauresequenz Glu Leu Asp Val 
Cys Val Glu Glu Ala Glu Gly Glu Ala Pro aufweist und Modifikationen des Peptids, in denen 
Aminosauren entfemt, inseriert oder substituiert worden sind, ohne dessen immunologischen Eigen- 

25 schaften im wesentlichen zu beeintrachtigen, wobei der produzierte Antikorper spezifisch mit membran- 
gebundenem IgE reagiert. 

21. Peptid nach Anspruch 20, das mit einem Tragerprotein konjugiert ist. 

30 22. Peptid nach Anspruch 21 , wobei das Tragerprotein Hamocyanin der Napfschnecke ist. 

23. Verfahren zur Herstellung von Antikorpern oder deren Fragmenten nach Anspruch 1, 2, 4, 5, 6, 7 oder 
8, umfassend die Schritte des 

(a) Immunisieren eines Tieres mit eineni Peptid nach einem der Anspruche 20 bis 22 oder mit IgE- 
35 MolekUlen, die mindestens den extrazellularen Abschnitt der membrangebundenen DomSne umfas- 

sen; und 

(b) Gewinnen von Antikorpern oder Zellen, die Antikorper produzieren, aus dem immunisierten Tier, 
wobei die Antikorper spezifisch fur das Peptid oder den extrazellularen Abschnitt der membrange- 
bundenen Domane sind. 

40 

24. Antikorper, der mit einem Peptid nach einem der Anspruche 20 bis 22 reagiert. 

25. Antikorper nach Anspruch 24, der monoclonal ist. 

45 26. Arzneimittel, enthaltend einen Antikorper, dessen Fragment, ein Immuntoxin oder ein Peptid nach 
einem der Anspruche 1 bis 16, 20 bis 22, 24 oder 25. 

27. Arzneimittel nach Anspruch 26, zusatzlich einen Faktor enthaltend, der die antikorperabhangige 
zellulare Cytotoxizitat verstarkt. 

50 

28. Arzneimittel nach Anspruch 27, wobei der Faktor GM-CSF, M-CSF oder Makrophagen-Aktivierungsfak- 
tor ist. 

29. Arzneimittel nach einem der AnsprGche 26 bis 28 zur Behandlung oder zur Prophylaxe einer IgE- 
55 vermittelten Allergie. 

.30. Verwendung eines Antikorpers, dessen Fragmentes, eines Immuntoxins oder eines Peptids nach einem 
der Anspruche 1 bis 16, 20 bis 22, 24 oder 25 zur Herstellung eines Arzneimittels zur Behandlung oder 
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Prophylaxe einer IgE-vermittelten Allergie. 

31. Verfahren zur Herstellung eines Hybridoms, das einen Antikorper sekretiert, der IgE-tragende B-Zellen, 
nicht aber Basophile bindet, umfassend: 

5 (a) Immunisieren eines Tieres mit IgE; 

(b) Gewinnen lymphoider Zellen aus dem immunisierten Tier; 

(c) Fusionieren der lymphoiden Zellen mit einer immortalisierenden Zelle zur Erzeugung von 
Hybridzellen; und 

(d) Auswahlen von Hybridzellen, die einen Antikorper produzieren, der: 

jo (i) IgE nicht bindet, das an der Oberflache von Basophilen gebunden ist; und 

(ii) spezifisch IgE bindet, das von IgE-tragenden B-Zellen exprimiert wird. 

32. Verfahren nach Anspruch 31 , wobei das IgE menschliches IgE ist. 

is 33. Verfahren nach Anspruch 31 Oder 32, wobei das Tier eine Maus ist 

34. Verfahren zum Identifizieren von IgE-tragenden B-Lymphocyten in gemischten Leukocytenpopulationen, 
umfassend ein in Kontakt bringen einer Leukocytenprobe mit einem Antikorper oder dessen Fragment 
nach einem der Anspruche 1 bis 14, 24 oder 25 und ein Ermitteln, an welche Zellen der Antikorper 
20 oder dessen Fragment bindet, wobei ein Binden des Antikorpers IgE-tragende Zellen kennzeichnet. 

Revendications 

1. Anticorps ou fragment de celui-ci qui 

25 a) se lie h des lymphocytes porteurs d'lgE, et 

b) ne se lie pas a des basophiles et a des mastocytes, 
pour leur mise en oeuvre en th^rapie. 

2. Anticorps ou fragment de ce dernier suivant la revendication 1, qui ne se lie pas a de PlgE soluble. 

30 

3. Anticorps ou fragment de ce dernier suivant la revendication 1, qui se lie en supplement a de I'lgE 
soluble. 

4. Anticorps ou fragment de ce dernier suivant la revendication 2, qui est un anticorps de sous-classe 
35 lgG2a de souris, lgG1 ou lgG3 d'etre humain. 

5. Anticorps ou fragment de ce dernier, qui se lie de manure sp^cifique & de I'lgE fixde a la membrane 
de cellules B, mais non a la forme soluble de I'lgE. 

40 6. Anticorps ou fragment de ce dernier, qui se lie de maniere specifique au segment extracellulaire du 
domaine fixe a une membrane d'une chaTne d'lgE. 

7. Anticorps ou fragment de ce dernier suivant Tune des revendications 5 et 6, caract^rise en ce que PlgE 
est de PlgE humaine. 

45 

8. Anticorps ou fragment de ce dernier suivant Pune quelconque des revendications 1 a 7, qui est un 
anticorps humain ou un fragment de ce dernier. 

9. Anticorps ou fragment de ce dernier suivant Pune quelconque des revendications 1 a 8, qui est un 
50 anticorps monoclonal ou un fragment de ce dernier.. 

10. Anticorps ahti-idiotypique monoclonal ou fragment de ce dernier, specifique pour le paratope d'un 
anticorps ou d'un fragment de ce dernier suivant Pune quelconque des revendications 1 a 9. 

55 11. Anticorps ou fragment de ce dernier suivant Pune quelconque des revendications 1 a 10, qui est un 
anticorps chim^rique ou un fragment de ce dernier. 
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12. Anticorps ou fragment de ce dernier suivant la revendication 11, qui est un anticorps chimeVique de 
rongeur/etre humain ayant une region de liaison d'antigene d'origine de rongeur et une region 
constante d'origine humaine. 

s 13- Anticorps ou fragment de ce dernier suivant la revendication 12, caracterise en ce que le rongeur est 
une souris. 

14. Anticorps chimeVique ou fragment de ce dernier suivant Tune des revendications 12 et 13, caracterise 
en ce que I'anticorps ou fragment de ce dernier a une region de liaison d'antigene murine et une 

w region constante humaine a chaTne lourde gamma 1 ou gamma 3. 

15. Immunotoxine h mettre en oeuvre en therapie, comprenant un anticorps ou un fragment de ce dernier 
suivant Tune des revendications 1 & 1 4, conjugu^e k un agent cytolytique ou cytotoxique. 

75 16. Immunotoxine suivant la revendication 15, caracteris^e en ce que I'agent cytolytique ou cytotoxique est 
de la ricine, de la toxine de Pseudomonas, de la toxine de diphterie, un peptide antiviral de phytolaque, 
des trichothecenes, des nuclides radidactifs ou des enzymes lytiques de membrane. 

17. Lignee cellulaire stable, continue, qui secrete un anticorps monoclonal suivant Tune quelconque des 
20 revendications 10 a 14. 

18. Lignee cellulaire suivant la revendication 17 qui est une lignee cellulaire d'hybridome. 

19. Lignee cellulaire suivant la revendication 18 qui est un hybridome murin. 

25 

20. Peptide capable d'elire une reponse d'anticorps, dans laquelle I'anticorps produit reagit d'une maniere 
specifique avec de TlgE liee a une membrane, et presentant la sequence d'acides amines Glu Leu Asp 
Val Cys Val Glu Glu Ala Glu Gly Glu Ala Pro, et modifications du peptide dans lesquelles des acides. 
amines ont ete deletes, inseres ou substitues sans diminuer de maniere essentielle les proprietes 

30 immunologiques de celui-ci. 

21. Peptide suivant la revendication 20, conjugue* a une proteine de support. 

22. Peptide suivant la revendication 21 , caracterise en ce que la proteine de support est de I'hemocyanine 
35 de fissurelle. 

23. Proc£d6 de production d'anticorps ou de fragments de ces derniers suivant Tune des revendications 1 , 
2, 4, 5, 6, 7 et 8, comprenant les etapes 

(a) d'immunisation d'un animal avec un peptide suivant I'une quelconque des revendications 20 a 22 
40 ou des molecules IgE comprenant au moins le segment extra-cellulaire du domaine fixe a une 

membrane, et 

(b) d'obtention d'anticorps ou de cellules qui produisent des anticorps sp£cifiques pour le peptide ou 
le segment extracellulaire du domaine fixe a une membrane a partir de ('animal immunise. 

45 24. Anticorps reactif avec un peptide suivant I'une quelconque des revendications 20 a 22. 

25. Anticorps suivant la revendication 24, qui est monoclonal. 

26. Composition pharmaceutique comprenant un anticorps, un fragment de ce dernier, une immunotoxine 
so ou un peptide suivant I'une quelconque des revendications 1 a 16, 20 a 22, 24 et 25. 

27. Composition pharmaceutique suivant la revendication 26, comprenant en outre un facteur augmentant 
la cytotoxicity cellulaire dependante de I'anticorps. 

55 28. Composition pharmaceutique suivant la revendication 27, caracterisee en ce que le facteur est du GM- 
CSF, du M-CSF ou du facteur d f activation de macrophage. 
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29. Composition pharmaceutique suivant l'une quelconque des revendications -26 a 28, pour le traitement 
ou la prophylaxie d'allergie obtenue par IgE. 

30. Utilisation d'un anticorps, d'un fragment de ce dernier, d'immunotoxine ou de peptide suivant Tune 
quelconque des revendications 1 a ,16, 20 a 22, 24 et 25, pour la preparation d'une composition 
pharmaceutique destinee au traitement ou & la prophylaxie d'allergie obtenue par IgE. 

31. Proc£d<§ de production d'un hybridome qui s6crhXe un anticorps qui se lie k des cellules B porteuses 
d'lgE mais pas k des basophiles, comprenant : 

(a) une immunisation d'un animal par de I'lgE, 

(b) une obtention de cellules lymphoVdes a partir de I'animal immunise, 

(c) une fusion des cellules lymphoVdes et d'une cellule immortalisante pour produire des cellules 
hybrides, et 

(d) une selection de cellules hybrides qui produisent un anticorps qui : 

(i) ne se lie pas a de I'lgE fix£e a la surface de basophiles, et 

(ii) se lie de maniere spScifique a de I'lgE exprimee sur des cellules B porteuses d'lgE. 

32. Proc^d^ suivant la revendication 31, caract6ris6 en ce que I'lgE est de I'lgE humaine. 

33. Procede suivant Tune des revendications 31 et 32, caract^rise en ce que I'animal est une souris. 

34. Procede ^'identification de lymphocytes B porteurs d'lgE dans des populations melangees de leucocy- 
tes, comprenant une mise en contact d'un echantillon des leucocytes avec I'anticorps ou fragment de 
celui-ci suivant l'une quelconque des revendications 1 a 14, 24 et 25, et une determination des cellules 
auxquelles I'anticorps ou fragment de celui-ci se lie, une liaison de I'anticorps indiquant des cellules 
porteuses d'lgE. 
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Description 
Background 

s The immediate-type hypersensitivity, such as extrinsic asthma, hay fever, and allergic responses to certain food or 
drugs, is mediated primarily by immunoglobulin E (IgE). In an IgE-mediated allergic response, the allergen binds to IgE 
on the surface of mast cells and basophilic leukocytes (basophils). This binding causes a crosslinking of the IgE mole- 
cules and hence the underlying receptors for the Fc portion of IgE (FccR) and thereby triggers the release of pharma- 
cologic mediators such as histamine, slow-reacting substance of anaphylaxis and serotonin. The release of these mast 

10 cell and basophil products causes the various pathological manifestations of allergy. 

Patients affected with IgE-mediated hyper-sensitivity reactions are often treated with histamine antagonists to alle- 
viate symptoms. In addition, during hay fever seasons, desensitization procedures are used to prevent or to alleviate 
persistent, lasting allergic reactions, in these procedures, small doses of allergen are injected periodically to induce cer- 
tain, not-fully-understood immune responses that somehow reduce the IgE-mediated responses. Densensitization pro- 
fs cedures have been effective in certain patients and only marginally effective in others. 

It has been suggested that IgE-mediated allergy might be treated by inhibiting the binding of IgE to mast cells and 
basophils. For example, synthetic peptides representing various regions of the Fc of IgE (Fce)have been explored as 
competitive inhibitors for the binding of IgE to the receptors on mast cells and basophils. See e.g., Stanworth, D.R., 
Mojec. Immun. 21 :1 183-1 190 (1984); Stanworth, D.R. and Burt, D.S., Mojec. Immun. 23:1231-1235 (1986); Burt, D.S. 

20 et al., Mojec. Jmmun. 24:379-389 (1987); Hahn, U.S. Patent No. 4,683,292; Hamburger, U.S. Patent Nos. 4,171,299 
and 4,161 ,522. However, presumably due to the much lower affinity of these peptides compared with whole IgE for the 
FceR, such peptides have not been proven highly efficacious for treatment of allergy. 

In recent years, monoclonal antibody methodologies have been employed to map the various antigen and func- 
tional epitopes on IgE. Baniyash and Eshhar (Eur. J. Immunol. 14:799-807 (1984)) reported that among the several rat 

25 monoclonal antibodies made against IgE, three inhibited the binding of mouse IgE to rat basophilic cells. Since the anti- 
bodies could also induce serotonin release from basophils bound with IgE; the antibodies probably bound sites on Fc, 
which were near but not in the site binding to the receptors for IgE on basophils. More recently the same investigators 
developed a monoclonal antibody that could inhibit the binding of the IgE to basophilic cells but does not recognize IgE 
on basophil surface. Baniyash et aL, Mojec. ImrrajnoL 25:705 (1988). Siraganian and colleagues (see Fed. Proc. 4p;965 

30 (1 981 ), fed, . Proc. 46:1 346 (1 987)) reported that among approximately ten mouse monoclonal antibodies made against 
human IgE, a few could not bind IgE on basophils. They also described that some of these latter monoclonal antibodies 
could inhibit the binding of human IgE to basophils. These studies have addressed the use of monoclonal antibodies to 
define the various epitopes or functionally related peptidic segments on IgE. 

Recently, Whitaker described an immunotoxin specific for the IgE isotype and its use in the treatment of allergy. 

35 U.S. Patent 4,714,759. The immunotoxin comprises an anti-lgE antibody coupled to a toxin. The intended pharmaco- 
logic mechanism of the treatment is that the immunotoxin specific for IgE isotype would kill IgE-producing B cells. 

^mm^ry of thejnvention 

40 This invention pertains to the unique antigenic determinants on IgE molecules and to reagents and pharmaceutical 
compositions for the treatment or prophylaxis of IgE-mediated allergy based on the discovery of these determinants. 
The antigenic determinants are present on IgE-bearing B-lymphocytes (B cells) but not on basophils and mast cells. 

Although IgE is produced by only IgE-bearing B cells, it is present not only on these cells but also on mast cells and 
basophils. IgE has a very high affinity for the FceR on the surface of basophils and mast cells (the association constant, 

45 Ka, is in the range of 10 9 -10 10 liter mole' 1 ) and the rate of dissociation is very slow (the half life of "on time" is about 20 
hours). Thus, IgE is virtually a surface antigen of basophils and mast cells. 

The antigenic epitopes on IgE of this invention are present on IgE-bearing B cells but not on basophils or mast cells 
and, because of this, the epitopes are unique surface markers of IgE-bearing B cells. The epitopes can be designated 
ige.bl (bl depicts B lymphocytes). The IgE on B cells is the membrane-bound form that is anchored on the membrane 

so by spanning through the membrane lipid bilayer; the IgE on basophils and mast cells is the secretory form that is 
anchored on the cell surface by binding to the FceR molecules. The overall structures of the two forms of IgE are some- 
what different with the membrane-bound form having an extra segment. The topography of association with the cell sur- 
face is also different between the IgE on B cells and on basophils. One class of ige.bl epitopes are located in the Fc 
region of the IgE molecule at or near the binding site of FceR. These epitopes are obscured by FceR binding. Another 

55 class of ige.bj epitopes are antigenic epitopes that encompass parts of the extracellular segment of membrane-bound 
region of immunoglobulin e heavy chains. In general these segments of various membrane-bound immunoglobulin can 
be designated mb/ec. The mb/ec segment of IgE can be designated e.mb/ec segment. The present invention pertains 
to the sequence determination of e.mb/ec segment. 
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The identification of the ige.bl epitopes provides for various forms therapy and diagnosis of IgE-mediated allergy 
based upon agents which specifically bind to the epitopes. These include allergic diseases such as extrinsic bronchial 
asthma, allergic rhinitis or hay fever, and food and drug allergies. The agents which specifically bind to the epitopes are 
monoclonal antibodies or fragments thereof. However, for purposes of the pharmaceutical compositions of this inven- 

s tion, the specific binding agent can be any molecule which specifically binds to the epitopes (and thus binds IgE-bearing 
B cells but not basophils). These reagents include synthetic peptides which are identical or analogous to the antigen 
binding region (variable of hypervariable regions) of anti-ige.bl antibodies. Although the description below focuses 
mainly on anti-ige.bl antibodies, the concept and methodologies are equally applicable to other molecules specific for 
the unique epitopes described herein. 

10 Monoclonal antibodies specific for an ige.bl epitope can be used to selectively destroy IgE-producing cells. 
Because the epitope is present on IgE-bearing B cells and not on cast cells or basophils, monoclonal antibodies spe- 
cific for an ige.bl epitope bind B cells, but not mast cells or basophils. This differential binding allows the targeting and 
selective elimination of IgE-producing B cells. The antibodies, either free or in toxin-conjugated form, can be used to 
target and eliminate the B cells. The monoclonal antibodies, which are specific for the ige.bl epitope at or near the FceR 

15 site of binding to IgE, may have additional therapeutical effects. The antibodies bind IgE forming immune complexes, 
facilitating the removal of IgE from the immune system by the retiendothelial system. 

This invention also pertains to paratope-specific, anti-idiotypic antibodies of the antibodies reactive with ige.bl 
epitopes, to peptides which are modeled after the epitopes (e.g., the site of FceR binding) and to the use of the anti- 
idiotypic antibodies and the peptides to treat IgE-mediated allergic diseases. 

20 

Brief Description of the figures 

Figure 1 outlines the process of determining mb/ec segment of human IgE (e.mb/ec). 
Figure 2 shows DNA probes to be used for screening cDNA library to clones containing e.mb/ec. 
25 Figure 3 shows the C-terminus of CH 4 domain of human e chain and the locations of probe b and d. 

Detailed Description of the Invention 

1 . Unique Epitopes of Immunoglobulin E 

30 

This invention is based on the discovery of uniquely situated epitopes of IgE (ige.bl). The epitopes are present on 
IgE-bearing B lymphocytes but not on mast cells and basophils. One class of ige.bl epitopes is located at or near the 
binding site for FceR. The presence of these epitopes only on IgE-bearing B cells follows from the fact that the epitope 
is obscured when IgE is bound to FceR on basophils and mast cells. The ige.bl epitopes may possibly be composed of 
35 several antigenically discrete sites and each of them can be defined by its reactivity with a monoclonal antibody which 
reacts with human IgE-bearing B cells, but not basophils, such as E8-5-3, E1 1-4-70, E101-1, and El 0-1 2-55 (see 
below). 

Another class of ige.bl epitopes are the e.mb/ec epitopes. These epitopes are present on the membrane-bound 
form of immunoglobulin but not on the secreted form. B cells express on their surface antibody molecules such as IgE 

40 which serve as receptors for antigens during immunological induction. The membrane-bound immunoglobulins differ 
from the secretory, soluble immunoglobulins synthesized by the same cells in that they have an extra peptidic piece that 
anchors them onto the B cell surface. All the ten membrane-bound immunoglobulins on B cells from different species, 
for which amino acid sequences have been determined, have extra isotype-specific regions that anchor the immu- 
noglobulins to the membrane. These peptidic regions have lengths ranging from 41 to 72 amino acids and can be 

45 divided into three segments in terms of locations in relation to the plasma membrane. The middle segments of 25 
hydrophobic and uncharged amino acid resides are in the membrane lipid bilayer; the C-terminal hydrophilic segments 
of 3-28 amino acid residues are intracellular; the segments toward N-terminus contain 13 to 27 amino acid residues, 
are highly acidic and hydrophilic and are on the extracellular surface of the plasma membrane. This part of membrane- 
bound region of mouse and rat IgE has 19 amino acid residues, among them, 10 are Glu or Asp residues. The length 

so and the hydrophilic and highly charged nature of the extracellular segment indicate that this segment is exposed and 
accessible to antibodies. 

Because IgE is present on the surface of only three cell types in the body, IgE-bearing B cells, basophils, and mast 
cells, these ige.bl epitopes are virtually unique cell surface marker of IgE-bearing B cells. These new markers provide 
for several types of monoclonal-antibody-based therapy of IgE-mediated allergic diseases. 

55 

2. Monoclonal Antibodies Which Bind IgE-Bearing B Cells but not Basophils 

Monoclonal antibodies specific for the ige.bl epitopes bind IgE on the surface of IgE-producing B cells but do not 
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bind basophils. This differential binding of IgE-bearing cell types provides a basis for therapeutic and diagnostic uses 
for the antibodies. 

It is crucial that the antibodies do not bind basophils and induce histamine release. One of the most powerful 
agents that trigger the release of pharmacological mediators of allergy from mast cells and basophils is anti-igE anti- 
5 body. Conventional anti-lgE antibody will bind IgE on the surface of mast cells and basophils and trigger the release of 
pharmacological mediators of allergy. The antibodies of this invention cannot bind IgE on these cells because the cog- 
nate epitope is masked and thus they do not induce the release of histamine from these cells. 

3. Therapy of IgE-mediated Allergy based upon the Selective Elimination of IgE-producing Cells. 

10 

A. Antibodies specific for IgE-producing cells. 

The antibodies specific for IgE-producing B cells, as murine, human, or mouse/human chimeric antibody, may be 
applied in several ways for the treatment of IgE-mediated allergies. For this purpose, the antibodies can be used to 

is selectively deplete IgE-bearing B cells. The antibodies can be used as an effector agents mediating an immune function 
or as a carrier agent of toxins or cytotoxic drugs, as set forth below, for delivering an effector substance. 

Among the various immune functions that an antibody specific for a surface antigen on target cells can mediate are 
antibody and complement-mediated cytolysis and antibody<iependent cellular cytotoxicity (ADCC). The antibody may 
also mediate immune regulatory functions. Antibodies of certain IgG subclasses, such as mouse lgG2a and human 

20 lgG1 and lgG3, can mediate ADCC carried out by certain Fc receptor-bearing phagocytic leukocytes. For example, 
OKT3, a mouse lgG2a monoclonal antibody specific for human T cell surface antigen (the first monoclonal antibody 
approved by FDA for marketing as a therapeutical agent) is used in patients to provide rapid depletion of T cells in the 
blood and to induce an immunosuppressed state (for kidney transplantation). Russell, P.S. et a[., Anna Rev. Med. 
35:63-79 (1984); Norman, D.J. et aL, Transpl- Proc. 17:39-41 (1985). OKT3, at a dosage of 5mg/day/subject, can 

25 deplete completely circulating T cells. The antibodies of this invention, especially in the form of mouse gamma 2a anti- 
bodies or chimeric antibodies bearing human gamma-1 or gamma-3 chains, can be used to deplete IgE-bearing B cells 
by the ADCC mechanism. The antibodies can be administered as free antibodies to patients afflicted with IgE-mediated 
allergy in amounts sufficient to eliminate substantially IgE-producing cells and consequently, to deplete substantially 
IgE. For example, the amount can range from 1-50mg/dose/subject. The treatment may involve one or several injec- 

30 tions. The duration of the presence of antibody and the amount of antibody needed to eliminate B cells is less than that 
necessary to continuously inhibit the binding of IgE to basophils and mast cells. 

For therapeutic uses described, human antibodies are most preferred. Human antibodies, however, are difficult to 
produce in large quantity. As an alternative, chimeric or "near-human" antibodies are preferred. Chimeric antibodies 
comprise a variable or antigen binding (hypervariable or complementarity determining) region derived from an animal 

35 (eg., a mouse) antibody and the remaining regions derived from a human antibody. Methods for producing chimeric 
(e.g. murine/human) antibodies are described below. Chimeric antibodies can be produced in large quantities and they 
are less immunogenic in humans than nonhuman antibodies. Consequently, they are better suited for in vivo adminis- 
tration than animal antibodies, especially when repeated or long term administration is necessary. Antibody fragments 
of the chimeric antibodies can also be used. 

40 Immunotherapies employing the antibodies of this invention may be used in combination with conventional desen- 
sitization immunotherapy. For example, desensitization with allergen may be performed in conjunction with the admin- 
istration of anti-jge.bl antibodies or immunotoxins (see B section below) to eliminate substantially IgE-producing cells. 
One major effect of desensitization is that IgG's are induced against the allergen/immunogen. The induction of an IgG 
response may be most effective when IgE-producing B cells are substantially depleted. The combination of antibody 

45 and desensitization therapy is an attractive form of therapy. IgE-producing B cells may be temporarily depleted (for a 
few weeks or months) by the anti-ige.bl antibody and will eventually repopulate. The desensitization may have longer 
lasting effects. 

B. Immunotherapy combining an ige.bl-specrfic antibody and a factor enhancing ADCC. 

50 

Many factors, such , as GM-CSF (granulocyte monocyte-colony stimulation factor) or M-CSF (monocyte-colony 
stimulation factor), are known to induce the proliferation of leukocytes, including those mediating ADCC. In in vitro 
experiments, GM-CSF and M-CSF have been shown to augment the ADCC activity on tumor cells mediated by mono- 
clonal antibodies specific for surface antigens expressed on the tumor cells. It is conceivable that the therapeutical 
55 effect of ige.bl specific monoclonal antibodies in treating allergies can be enhanced by combining the use of factors that 
augment ADCC activities. 
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C. Immunotoxins specific for IgE-producing cells. 

The ige.bl epitopes provide highly ^Decrfic targets for immunotoxins directed against IgE-producing B cells. Immu- 
notoxins specific for the epitopes bind to IgE-producing B cells but not to mast cells or basophils. In this way, IgE-pro- 

5 ducing B cells can be selectively reduced or eliminated in a patient suffering from an IgE-mediated allergy. The 
reduction of the IgE producing cells reduces IgE levels in the circulation which results in a reduction of the amount of 
IgE available, to bind mast cells and basophils. The immunotoxin does not kill mast cells or basophils and cause the 
release of pharmacologic mediators from these cells. 

Immunotoxins for selective binding to IgE-producing lymphocytes are comprised of cytolytic or cytotoxic agents 

10 conjugated to a binding agent specific for an ige.bl epitope. The preferred specific binding agents are anti-ige.bl anti- 
bodies or fragments thereof (e.g., F(ab)' 2 , Fab, F v or analogues or derivatives thereof). The cytolytic agents can be 
selected from any of the available substances including ricin, Pseydornonas toxin, diptheria toxin, pokeweed antiviral 
peptide, trichothecenes, radioactive nuclides, and membranelytic enzymes. The antibody and the cytotoxin can be con- 
jugated by chemical or by genetic engineering techniques. 

75 The immunotoxins are administered to a patient afflicted with IgE-mediated allergy in amounts sufficient to reduce 
or to eliminate IgE-producing lymphocytes in the patient and thereby prevent or alleviate the symptoms of the IgE-medi- 
ated allergy. The immunotoxins may be used alone or in combination with free anti-lgE antibody. 

4. Removal of IgE by Monoclonal Antibodies Which Do Not Bind IgE on Basophils and Mast Cells. 

20 

In certain embodiments, the monoclonal anti-lgE antibodies of this invention bind to an ige.bl epitope located at or 
near the FceR binding site on soluble IgE. In so doing, the antibodies block the binding site on IgE for mast cells and 
basophils and this contributes partly to their therapeutical efficacy. In order to achieve this possibly beneficial additional 
therapeutical mechanism, the antibodies must bind specifically to the epitope with an affinity which is greater than the 

25 affinity with which the FceR binds IgE. This combination of specificity and affinity provides for effective inhibition of IgE 
binding to FceR at pharmaceutical^ feasible concentration. In addition, the immune complexes of IgE and the mono- 
clonal antibodies may be removed rapidly by cells of the reticuloendothelial system. Upon the intravenous injection of 
the monoclonal antibodies, most IgE molecules in the circulation probably form immune complexes and are removed 
rapidly. These mechanisms will reduce the levels of free IgE in the body of the treated patient, whenever the therapeutic 

30 monoclonal antibodies are present in sufficient levels. These various mechanisms should contribute to the short term 
effects of the therapeutic antibodies. However, long-term therapeutic effects probably can be achieved without these 
mechanisms. Because IgE turns over and regenerates rapidly with a serum half life of 3 days, an ige.bl antibody-based 
therapy probably will be most efficacious by depleting or reducing IgE-producing B cells. 

Affinity can be represented by the affinity or association constant, Ka. The FceR of mast cells and basophils has an 

35 estimated Ka in the range of 1 x 10 9 - 1 x 10 10 liter/mole. See KulczycW, A., New Trends_ in Allergy H ed. by Ring, J. and 
Burg, G., pp. 25-32, Springer-Verlag, New York, 1986. Thus, a monoclonal anti-lgE antibody will effectively compete 
with FceR, if its affinity constant for IgE is about or greater than 1 x 10 9 liter /mole. In general, monoclonal antibodies 
have, Ka's, below 1 x 10 9 liter/mole. Consequently, although an antibody might be appropriately specific for the 
epitope(s) described and suitable for eliminating IgE-bearing B cells by mechanisms described above, it may not have 

40 this additional therapeutical effect, if it does not have a Ka sufficient to compete effectively with FceR for IgE at pharma- 
cologically feasible concentrations. 

In preferred embodiments, the monoclonal anti-lgE antibodies of this invention have a Ka for IgE which is compa- 
rable or greater than the affinity of FceR for IgE. Mast cells and basophils in the body are bound with IgE; in most indi- 
viduals a large proportion of the FceR are saturated by IgE. The IgE molecules have very long half lives of "on" (receptor 

45 occupancy) time of about 20 hours. Kulczycki, A., J. Exp. Med. 140:1976 (1974). When the IgE molecules dissociate 
from the mast cells or basophils, the high affinity anti-ige.bl antibodies administered to the patient will tightly bind them 
and inhibit their reassociation with FceR. Because IgE molecules have a long "on" time and dissociate slowly from the 
basophils and mast cells, the therapeutic effects probably will be attained only a few days after the treatment (or even 
longer) when a significant portion of the IgE on basophils and mast cells has dissociated from FceR and has been com- 

so plexed or cleared away by the anti-lgE antibody. When this is achieved, the density of IgE molecules bound to FceR mol- 
ecules on basophils and mast cells is substantially decreased and consequently, allergens are unable to cross-link 
sufficient numbers of FceR to induce histamine. 

5. Diagnostic Uses of Antibodies which Specifically Bind IgE-producing Cells. 

55 . 

The antibodies against ige.bl epitopes can be used to identify and enumerate IgE-bearing lymphocytes in mixed 
leukocyte populations. For this purpose, the antibodies can be used in standard assay formats for determining cell sur- 
face antigens. In general, the antibody is contacted with a sample of the leukocytes to be tested under conditions which 
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allow the antibody to bind IgE-bearing cells in the sample. The cells are then examined for binding of antibody. This can 
be accomplished by conventional cell staining procedures. For example, a fluorescently labeled second antibody can 
be used to detect binding of the anti-lgE antibody. 

s 6. Antiidiotype Antibodies and Methods of Active Immunization Against IgE. 

The ige.bl-spec'rfic monoclonal antibodies described thus far can be used to generate paratope-specific, anti-idio- 
typic antibodies which offer another mode of treating IgE-mediated allergy. Antibodies against the paratope of the ige.bl- 
specific antibodies conformationally resemble the epitope for which the anti-lgE antibody is specific, that is, they resem- 
w ble an ige.bl epitope. These anti-idiotypic antibodies can be used to actively immunize against ige.bl and induce the 
endogenous formation of antibodies against the ige.bl epitope. The induced antibodies will mediate the various thera- 
peutical effects of ige.bl-specif ic antibodies. 

Because IgE is a "self-molecule", it is generally not immunogenic. However, active immunization against IgE may 
be achieved by using the paratope, specific antibodies of this invention. The paratope-specific antibody shares confor- 
ms mational resemblance with the antigen - the ige.bl epitope - which can elicit immune response in humans against the 
epitope. 

Paratope-specific, anti-idiotyptic antibodies are administered to a patient suffering from IgE-mediated allergy in an 
immunogenic amount to induce the formation of ige.bl antibodies. The anti-idiotypic antibodies are preferably adminis- 
tered as chimeric antibodies. They may also be given as antibody fragments (which also may be chimeric in nature) or 
20 analogues. 

7. Peptides Which Block FceR of Mast Cells and Basophils. 

This invention also provides peptides which embody the ige.bl epitopes on soluble IgE. The peptides comprise 
25 amino acid sequences which are identical or equivalent to the amino acid sequence of an ige.bi epitope of soluble IgE. 
For example, the peptides can have sequences corresponding to the epitopes defined by antibodies E8-5-3, E1 1-4-70, 
E1 01 -1 and E1 0-12-55 or other anti-ige.bl antibodies described below. Peptides which correspond to the binding site of 
the FccR can be used to block the binding of IgE to mast cells and basophils. 

30 8. e.mb/ec Peptide Analogues and Active Immunization Against e.mb/ec Epitope 

Even though human c.mb/ec peptide is probably not immunogenic in humans, peptides with the same sequence 
and amino acid substitutions can be immunogenic and induce antibodies that cross react with authentic emb/ec 
epitope. These e.mb/ec peptide analogues can be administered to patients suffering IgE-mediated allergies. The anti- 
35 bodies induced by this active immunization can achieve the functions as the antibodies described herein. 

9. Anchoring Peptide piece of B Cell Membrane-bound Immunoglobulins 

B cells express on their surface antibody molecules, which serve as receptors for antigens during immunological 

40 induction. The membrane-bound immunoglobulins differ from the secretory immunoglobulins synthesized by the same 
cells in their they have extra peptidic pieces that anchor the immunoglobulins molecules onto the cell surface. 

The amino acid sequence data of the ten membrane-bound immunoglobulins from several species have been 
determined. See Ishida, N. et a!., EMBO J., 1:1117 (1982); Steen, M. L et al., J. Mol. Biol., 177:19-32 (1984); Rogers, 
J. et al., Cell, 26:19-27 (1981); Yamawaki-Kataoka, Y. et al., Proc. Nati. Acad. ScL, USA, 79:2008-2012 (1982); 

45 Kamaromy, M. et al., Nucl. Adds Res., 1 1:6775-6785 (1983); Rogers, J. et al., Cell, 20:303-312 (1980); Bernstein, K. 
E., J. Immunol. 132:490-495 (1984); Cheng, H. etal., Nature. 296:410-415 (1982). These sequences indicate certain 
common features of the plasma membrane bound peptidic piece. As shown in Table 1, the peptidic anchor piece has 
three segments which are distinguishable based upon their locations in relation to the plasma membrane. Even though 
these peptidic pieces are short, ranging from 41 to 72 amino acid residues, and have often been referred to as the 

so "membrane-bound domain", the peptides are not entirely in the membrane lipid bilayer. In fact, only 25 amino acid res- 
idues, largely hydrophobic residues and threonine and serine residues, located in the middle part of the peptides, are 
in the lipid bilayer. The C-terminal, hydrophilic segments of 3 to 28 amino acid residues are located on the cytoplasmic 
side of the membrane. The segments toward the N-terminus, which are connected to the third or fourth constant 
domains of the immunoglobulin heavy chains (CH 3 or CH 4 ) are very hydrophilic and are on the extracellular side of the 

55 plasma membrane. 
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Table 1 



10 



Key features and properties of peptide segments unique to membrane-bound immunoglobulins on B cells. 




First segment 


Middle segment 


Last segment 


lotai 


Immunoglobulin 
Class/Subclass 


Length # Amino acid residues 




Mouse IgE 


19 


25 


28 


72 


Rat IgE 


19 


25 


28 


72 


Mouse lgG 1 


18 


25 


28 


71 


Mouse lgG 2a 


18 


25 


28 


71 


Mouse lgG2b 


18 


25 


2D 




Mouse lgG 3 


18 


25 


28 


71 


Mouse IgM 


13 


25 


3 


41 


Rabbit IgM 


13 


25 


3 


41 


Human IgD 


27 


25 


3 


55 


Mouse IgD 


26 


25 




54 


Properties 


Hydrophilic Highly acidic 


Hydrophobic No 
charged residues 


Hydrophilic 




Physical Location 


On exterior surface 


In membrane lipid 
bilayer 


On cytoplasmic surface 




Abbreviated Symbols 


mb/ec segment 


mb/tm segment 


mb/ic segment 





*mb for membrane-bound; ec for extracellular; tm for transmembrane; and i_c for intracellular. 



The shortest length of the extracellular segment of the membrane-bound pieces of the immunoglobulins (desig- 
nated mb/ec segments) has 1 3 amino acid residues (Mouse and rabbit \x chains). See Table 2. The mb/ec segments of 

35 all immunoglobulins contain high proportions of charged amino acid residues, almost entirely acidic residues. The pro- 
portions of charged amino acid residues and polar hydrophilic residues account for very high percentages of the amino 
acid composition of the mb/ec segment (Table 3). These parameters indicate that all the mtVec segments are exposed 
and long enough to be accessible by antibodies. Studies of the evolution of immunoglobulin heavy chains indicate the 
e and y chains are more related to each other (had more recent common ancestry) than to other chains (Lien-Ching Un 

40 and Frank W. Putnam Proc. .Nath Acad_. _§ci, .USA, Vol. 78 (1981) pp. 504-508). In addition, the heavy chains evolved 
before the various mammals species, mice, rats, and humans evolved. Thus, among the ten various nto/ec segments 
that have been determined, it is probably the murine or the rat e.mb/ec that the human e.mb/ec, which sequence has 
not yet been reported, will be most related. The next most related will be the y chains. The murine or rat e.mb/ec has 1 9 
amino acid residues, among them 8 Glu and 2 Asp residues. These data also provide support that human e.mb/ec seg- 

45 ment is exposed and accessible to antibodies. 



50 
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Table_2L The amino acid sequences of the exterior 
portion of peptidic segments unique to 
membrane-bound immunoglobulins (jnb/ec 
segments) . 

Mb/ec segment 



House IgE 
Rat IgE 
Mouse IgG^ 

Mouse IgG 2a 
Mouse IgG 2b 
Mouse IgG^ 
Mouse IgM 
Rabbit IgM 
Human IgD 
Mouse IgD 



26 21 16 11 6 1 

ELD I . QDLC I . EEVEG . EELEE 
ELDI . QDLCT . EEVEG . EELEE 
GLQ . LDETC • AEAQD . GELDG 
GLD . LDDVC . AEAQD . GELDG 
GLD . LDDIC . AEAKD . GELDG 
ELE . LNGTC . AEAQD . GELDG 
EGE .VNAEE . EG-FEN 
EGE . VNAEE . EG FEN 
YL . AMTPL . IPQSK . DENSD . DYTTF . DDVGS 
I . VNTIQ.HSCIM.DEQSD . SYMDL.EEENG 



Table 3 



Composition of charged amino acid residues and polar, hydrophilic amino acid residues in the exterior portion of 
peptidic segments unique to membrane-bound immunoglobulins (mb/ec segments). 




TOTAL 


Acidic residues 


Basic residues 


Polar residues 


Total 
hydrophilic 
residues 


Proportion of 
hydrophilic 
residues 




# Amino acid residues 


% 


Mouse IgE 


19 


10 


0 


2 


12 


63 


Rat IgE 


19 


10 


0 


2 


12 


63 


Mouse lgG-| 


18 


6 


0 


4 


. 10 


56 


Mouse lgG 2a 


18 


7 


0 


2 


9 


50 


Mouse IgG^ 


18 


7 


1 


1 


9 


50 


Mouse lgG 3 


18 


6 


0 


4 


10 


56 


Mouse IgM 


13 


6 


0 


2 


8 


61 


Rabbit IgM 


13 


6 


0 


1 


7 


54 
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Table 3 (continued) 





Composition of charged amino acid residues and polar, hydrophilic amino acid residues in the exterior portion of 
peptidic segments unique to membrane-bound immunoglobulins (mb/ec segments). 


5 




TOTAL 


Acidic residues 


Basic residues 


Polar residues 


Total 
hydrophilic 
residues 


Proportion of 
hydrophilic 
residues 






# Amino acid residues 


% 


10 


Human IgD 


27 


6 


1 


8 


15 


56 




Mouse IgD 


26 


7 


0.5 


9 


16.5 


63 


15 


Acidic residues: E (Glu), D (Asp) 

Basic residues: K (Lys), Ft (Arg), H (His); His is partially charged. 
Polar residues: S (Ser), T (Thr), C (Cys), Q (Gin), N (Asn) 



10. Determining the amino acid sequence of mb/ec segment of human IgE (E.mhfec segment). 



A number of well established procedures can be applied to determine the DNA sequence corresponding to the 

20 human £.mb_/ec segment. In one approach (Figure 1), the starting point is the mRNA preparation of a human myeloma 
cell line which express IgE on the surface. SK007 cells can be employed for this purpose. With the mRNA preparation, 
one can establish a cDNA library employing cloning vector based on Arphage or plasmids. A preferred method for con- 
structing the cDNA library is with the cDNA Library Construction System Kit - Librarian I developed and commercialized 
by Invitrogen (San Diego, CA). Stepwise detailed instruction manual is provided for RNA isolation from cells, reverse 

25 transcription, second strand synthesis, linker ligation, agarose gel sizing of cDNA, electrocution to purify cDNA, vector 
ligation, and transformation of E. cofi. The vector used in this library is pCDM8. 

In the screening of the cDNA library for clones containing the e.mb/ec segment, several probes can be used. As 
shown in Figure 2, the library can be screened with DNA probe a, which is a 1 .1 kb long U266 cDNA covering most of 
length of e mRNA (no membrane-bound segment). The positive clones, which include both secreted and membrane- 

30 bound forms can be distinguished by using additional probes. Probe b is developed by taking advantage of the very 
likely property that the end of the CH 4 domain is truncated in the human e chain of the membrane-bound form. The trun- 
cation occurs when the gene segments of CH 4 domain and membrane bound domain are translocated. The loss of C- 
termini occurs with the membrane bound forms of immunoglobulins, including e and \i, which contain CH 4 domains. 
From the published information on nucleotide sequence of human c.CH 4 domain, the most possible splicing donor site 

35 is intracodon GT, 71 bp 5* of the termination codon TGA. Another GT, which is not intracodon and less likely a splicing 
donor site, is closer to the terminus (24 bp 5' to the termination codon). 

The specific location for probe b is indicated in Figure 2 and Figure 3. The probe will react with secreted form of e 
chain gene and not membrane form of e chain gene. 

The design of probe c is based on the finding that the transmembrane segment of the membrane-bound domain 

40 OtlbAm segment) is very conserved among all the immunoglobulin genes so far sequenced. There is a segment of pep- 
tide and its corresponding coding DNA within this mbftm segment, that is nearly identical among all immunoglobulins. 
As shown in Table 4, the consensus DNA sequence with the eight combinations will be used as probe c. Figure 2 shows 
the location of the probe. 

45 
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Table 4. A conserved region in the transmembrane 
portion of the peptidic segment of the 
membrane -bound immunoglobulins (in jb/cn 
segment^. 

1 2 3 4 5 
Leu. Phe . Leu. Leu. Ser . 
Mouse IgE CTG.TTC.CTG.CTC.AG 
Rat IgE CTC.TTC.CRG.CTC.AG 
15 Mouse IgG 1 CTC.TTC.CTG.CTC.AG 

Mouse IgG 2a CTC.TTC.CTG.CTC.AG 
Mouse IgG 2b CTC.TTC.CTG.CTC.AG 
Mouse IgG 3 CTC.TTC.CTG.CTC.AG 
Mouse IgM CTC. TTC. CTC. CTC. AG 

Rabbit IgM CTC.TTC.CTG.CTG.AG 
Human IgD* CTC . TTC . ATC . CTC . AC 

. Mouse IgD* CTC.TTC.CTG.CTC.AC 



20 



25 



C G C 

30 Consensus CT .TTC.CT . CT .AG 

sequence G C G 

(Probe c) 



35 



40 



45 



♦Human and mouse IgD's have Thr (ACXO) in the 
5th amino acid residue; human IgD also has lie 
(ATC) in the 3rd amino acid residue. These are 
the variations not covered by the consensus 
sequence. 



Probe d which represents a segment upstream to the most possible splicing donor site, GT, is consisted of 36 bp 
(Figure 2 and Figure 3). This probe should react with e chain gene of both secreted and membrane-bound forms. 
Table 5 summarizes the pattern of reactivities of clones containing e genes of secreted or membrane-bound forms 
so with the four probes. 



55 
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Table 5 



The reactivity of e gene-containing cDNA clones 
with probes a, b, c, and d. 




e Secreted 


e Membrane-bound 


Probe a 


+ 


+ 


Probe b 


+ 




Probe c 




+ 


Probed 


+ 





is The library size needed to clone the membrane-bound e chain depends on how abundant the mRNA is. Assuming 
secreted IgE comprises 0.1% of the SK007 poly A + RNA; the library size should be about 5,000 independent recom- 
binant clones to have a 99% possibility to isolate a positive clone. In IgE-producing rat immunocytoma IR2 and IR162 
cells, mRNA for the membrane-bound form of e chain was found to be more than 2% of that of the secreted form. 
Assuming this ratio of membrane-bound/secreted forms of e chain holds true for the human IgE-producing SK007 cells, 

20 the cDNA library size needed to isolate the membrane-bound e chain is about 250,000. In a preferred procedure, a 
larger number of clones, 1 ,000,000, are screened. 

An alternative to the conventional approach of establishing cDNA library and screening the clones representing the 
cellular mRNA species is to amplify the mRNA by producing high proportions of their corresponding DNA. The resulting 
DNA can then be purified by gel electrophoresis and then subjected to sequence analysis. The methodology, referred 

25 to as polymerase chain reaction (PCR) amplification, has been established in the past few years and complete systems 
including reagents and equipments have been commercialized. One preferred system is provided by Perkin Elmer 
Cetus (Norwalk, CI). The reagents kit is the GeneAmp DNA Amplification Reagent Kit and the equipment is the DNA 
Thermal Cycler. 

Some of the specific reagents used in this approach are the same as used for the cDNA library cloning. Since no 

30 sequence in the membrane-bound segment of the e chain has been determined, the strategy is to amplify both the 
secreted and membrane-bound forms of e chains. Two primers are to be used, one is oligo-dT (25-30-mers) and one is 
the oligomer corresponding to probe d in Figure 2 and Figure 3. Probe d is located 5' to the most possible splicing donor 
site and therefore primes both the seicreted and membrane-bound forms of e mRNA and DNA. After sufficient amplifi- 
cation, the two populations of DNA fragments are resolved by gel electrophoresis. The secreted form of the e chain can 

35 be distinguished by its reactivity with probe b. The purified DNA's are then subjected to DNA sequencing. 

PCR amplification seems to be a more efficient procedure than cDNA cloning for mRNA poorly represented in the 
poly A + RNA pool. The U266 e chain cDNA can be used to work out some preliminary annealing conditions between 
template DNA and oligo-primers. 

Another approach of obtaining a DNA clone containing genes encoding the membrane-bound segments is to 

40 screen human genomic DNA library. Human genomic DNA library is readily available. A preferred source is the library 
constructed using human lung fibroblast W138 cells provided by Stratagene (La Jolla, CA). The genes are in x vector 
and the inserted DNA have average sizes of 15K bp. Identification of the clones can be achieved by hybridization with 
U266 cDNA clone DNA. The location of the gone segment corresponding to the membrane bound region can be deter- 
mined by using probe prepared from the homologous mouse gene of the transmembrane segment (probe c of Figure 

45 2 and Table 4). The sequence of the membrane-bound segment is then determined. 

10A. The nucleotide sequence of DNA encoding membrane anchoring peptide of human e chain 

Nucleotide sequence of genomic DNA encompassing the encoding segments for the membrane anchoring peptide 
so of human membrane bound e chain was determined and is shown below along with the deduced amino acid sequence 
for portions of the membrane anchoring peptide. The assignment of the exons was made by identifying the nucleotides 
for splicing donors and acceptors and by comparing to the published homologous sequences of mouse membrane 
bound e chain and of immunoglobulins of other classes. 

55 
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•CGCTGCCACTGTGGAGCCCGGAGGGCCTGACTGGCCAC 



10 



15 



sotice-acceotor 

GTCCCCCfiifec * CTG - GAC • GTG • TGC • GTG - GAG • GAG • GCC • GAG * 
ulu • Leu • Asp • Val • Cys • Val • Glu • Glu * Ala • Glu • 

GGC GAG * GCG • CCG - TGG * ACS - TGG • ACC * GGC • CTC * TGC < ATC * 
Gly -Glu- Ala • Pro • Trp ■ Thr • Trp • Tiir * Gly • Leu • cys ■ lie - 

TTC * GCC • GCA • CTC • TTC • CTG • CTC - AGC GTG • AGC • TAC • AGC ■ 
?he • Ala • Ala • Leu • Phe • Lau • Leu • Ser * Val • Ser • Tyr • Ser • 

SDJ/ce-donor 

GCC ■ GCC • CTC • ACG * CTC < CTC - ATG ggSGGCACCCACCTCCAGG 
Ala • Al a • Leu • Thr • Leu • Leu • Met ■ 



Membrane 
exan I 



GGCCCAGCCAGGGCAGGGGGTTGGGCAGAGCAGCAGAGCCCCTGACC 

20 spiic e-zc cQotof 

CACGCCCTCCCCTCfiSsTG • CAG • CGG • TTC • CTC • TCA * GCC • ACG • 
Val • Gin rArg - ?he • I*u • Ser ■ Ala • Thr • 

CGG • CAG • GGG - AGG • CCC * CAG • ACC • TCC • CTC • GAC : TAC • ACC 
25 Arg Gin -Gly* Arg* Pro -Gin -Thr -Ser Leu -Asp -Tyr Thr- 

AAC - GTC • CTC * CAG • CCC • CAC • GCC TAG • GCCGCCGGCACTCAC 
Asn - Val - Leu - Gin • Pro - His * Ala • end 



Tnxron 



Membrane 
aeon II 



30 



GCTCCACCAGGCCCAGCTACCC - 



Human e.mb/ec peptide is identified as the first fourteen amino acids encoded by membrane exon I . This precedes 
35 a stretch of about 25 hydrophobic amino acids which are the transmembrane region. Two possibles structures of 
e.mb/ec are shown below. 

Possible Structur^_C^_Human e.mb/ecpeptjde 



40 



Structure X 



45 



SH 



■ Glu • Leu * Asp • Val • Cys • Val * Glu • Glu • Ala ■ Glu • Gly • Glu • Ala • Pro • 



50 



Structure II 

- Glu • Leu ■ Asp ■ Val * Cys • Val • Glu • Glu • Ala • Glu • Gly.- Glu - Ala - Pro • 
-Glu • Leu • Asp • Val cys- Val -Glu-Giu- Ala -Glu -Gly -Glu -Ala- Pro* 



55 



As described more fully below, the e.mb/ec peptide can be used to elicit antibodies which react specifically with 
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membrane bound immunoglobulin E. For this purpose, the peptides can be chemically synthesized by standard tech- 
niques of protein synthesis. A preferred method for synthesizing the peptides is with RaMP system (DuPont, Wilming- 
ton, DE) ( which applies Fmoc chemistry. Alternatively, the proteins can be biosynthesized by employing 
oligodeoxynucleotides encoding the peptide. The nucleotide sequence is given as the 5' portion of membrane exon I, 
5 above. 

As immunogens, the proteins may be used in either the monomeric ordimeric structural forms shown above. Pep- 
tides comprising the human e.mb/ec segment and the connecting four amino acids in the CH 4 domain can also be used. 
In addition, modified peptides having subtantial immunological equivalency can be used. For example, the peptide 
amino acid sequence shown above can be modified by deletion, insertion or substitution of one or more amino acids 
10 which do not essentially detract from the immunological properties of the peptide. The peptides can also be used as 
polymers where the amino acid sequence shown above, or equivalent sequence, is the polymer repeat unit. 

1 1 . Production of the Monoclonal Antibodies of this Invention. 

is The monoclonal anti-lgE and anti-idiotypic antibodies of this invention are produced by continuous (immortalized), 
stable, antibody-producing cell lines. The preferred antibody-producing cell lines are hybridoma cell lines and myeloma 
cell lines. In principle, however, the cell lines can be any cells which contain and are capable of expressing functionally 
rearranged genes which encode the antibody variable regions of the antibody light and heavy chains. Preferably, the 
cell line should have the capability to assemble the chains into functional antibodies or antibody fragments. Thus, lym- 

20 phoid cells which naturally produce immunoglobulin are most often employed. In addition to those previously men- 
tioned, examples of suitable lymphoid cells are viral or oncogenically transformed lymphoid cells. 

Hybridoma cells which produce the ige.bt-spectf ic antibodies of this invention can be made by the standard somatic 
cell hybridization technique of KOhler and Milstein, Nature 295:495 (1 975) or similar procedures employing different fus- 
ing agents. Briefly, the procedure is as follows: the monoclonal anti-lgE antibodies are produced by immunizing an ani- 

25 mal with human IgE, or peptidic segments of human IgE (secretory or membrane-bound), which are identified as 
potential components of ige.bl epitope. The peptides can be synthesized and conjugated to a carrier protein, such as 
keyhole limpet hemocyanin, to be used as an immunogen. Lymphoid cells (e.g. splenic lymphocytes) are then obtained 
from the immunized animal and fused with immortalizing cells (e.g. myeloma or heteromyeloma) to produce hybrid 
cells. The hybrid cells are screened to identify those which produce the desired anti-lgE antibody. 

30 Human hydridomas which secrete human antibody can be produced by the KOhler and Milstein technique. 
Although human antibodies are especially preferred for treatment of humans, in general, the generation of stable 
human-human hydridomas for long-term production of human monoclonal antibody can be difficult. Hybridoma produc- 
tion in rodents, especially mouse, is a very well established procedure. Stable murine hybridomas provide an unlimited 
source of antibody of select characteristics. Murine antibodies, however, may have limited use in the treatment of 

35 humans because they are highly immunogenic and can themselves induce untoward allergic reactions in the recipient. 
In the preferred embodiment of this invention, the anti-lgE and anti-idiotypic antibodies are produced in a rodent system 
and are converted into chimeric rodent/human antibodies by the established techniques described in detail below. As 
explained above, these "near human", chimeric antibodies are preferred for in vivo administration, especially where 
multiple doses are required. 

40 For the production of the antibodies specific for ige.bl eptiopes on soluble IgE human IgE for immunization can be 
purified from human serum. Alternatively, human IgE may be produced by culturing an IgE-producing cell line (for exam- 
ple, the cell line U266, ATCC number CRL8033). Human IgE can be purified by affinity chromatography. Mouse mono- 
clonal antibodies specific for human IgE are conjugated to a suitable matrix (such as cyanogen bromide-activated 
Sepharose 4B) to provide an IgE-specific immunoadsorbent. The IgE preparation can be contacted with the immuno- 

45 adsorbent which selectively adsorbs IgE. The adsorbed IgE can thereafter be eluted in substantially pure form from the 
immunoadsorbent. 

In preferred embodiments, animals are immunized with a vigorous immunization protocol in order to produce a high 
frequency of lymphocytes producing IgE-specific antibodies. Spleen cells are obtained from the immunized animal and 
fused with an immortalizing cells, preferably myeloma cells which have lost the ability to secrete immunoglobulin. Many 
so suitable myeloma cell lines are known in the art. An example is the murine myeloma NS-1. Fusion of the spleen cells 
and fusion partner can be carried out in the presence of polyethylene glycol according to established methods. Tech- 
niques of electrofusion may also be used. The resulting hybrid cells are cfonally cultured and then screened for produc- 
tion of anti-lgE antibody. 

Hybridomas producing antibodies which are specific for an epitope present on IgE-bearing B cells and absent on 
55 basophils and which have an affinity for IgE sufficient to block FccR binding to IgE can be selected as follows. Hybrid- 
omas are first screened for production of antibody reactive with human IgE. This can be done by an enzyme-linked 
immunosorbent assay (ELISA) employing purified human IgE adsorbed to a solid phase. 

One way of obtaining generally high affinity antibodies is as follows. The solid phase for the ELISA is coated with 
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very small amounts of human IgE. For example, if a standard microwell plate is used as the solid phase, about 50 jii of 
a 0. 1 ng/ml solution of IgE is used per well. Hybrids are selected which show a comparatively high enzyme activity (opti- 
cal density level) in the assay. The culture supernatants contain either relatively higher amounts of antibodies or anti- 
bodies of relatively higher affinity or both. 
5 Hybridomas are then screened for secretion of antibodies which do not react with basophil-bound IgE. A preferred 
method is to screen the antibodies for the inability to induce histamine release by basophils. The source of basophils 
for such histamine release assays is blood leukocytes from donors whose basophils are known to be very sensitive for 
induction of histamine release. An alternative and possibly less sensitive method is an immunofluorescence staining 
technique. Basophil leukocytes can be isolated from blood. Freshly, isolated basophils have IgE on their surface. Mon- 
ro oclonal antibodies which do not bind basophil-bound IgE are specific for an epitope which is at or near a site occupied 
by the basophil FceR (and hence is inaccessible for the monoclonal antibodies). 

Hybridomas which produce paratope-specif ic anti-idiotypic antibody can be made by immunizing an animal with 
anti-lgE antibody and screening for antibodies which bind the paratope of the immunizing anti-lgE antibody. Immuniza- 
tion results in production of antibodies against the antigenic determinants on the anti-lgE antibody including the idio- 
15 type. Anti-idiotype antibodies are first screened for their binding to anti-lgE antibody and not other mouse antibodies. 
Those which are paratope-specific are screened on the basis of the antibod/s ability to compete the binding of human 
IgE to the anti-lgE monoclonal antibody used for immunization. 

Antibody fragments such as F(ab f ) 2 , Fab and F v can be produced by standard techniques of enzyme digestion. In 
addition, synthetic peptides representing Fab and F v analogues can be produced by genetic engineering techniques. 
20 See e.g., Better, M. et a]. (1988) Science 240:1041; Huston, J.S. et a}., (1988) Proc. Natl. Acad. Sci. USA 85:5879- 
5883. 

The chimeric anti-lgE antibodies are comprised of individual chimeric heavy and light immunoglobulin chains. The 
chimeric heavy chain is a contiguous polypeptide having a rodent (generally murine) heavy chain variable region or 
hypervariable regions and a human heavy chain constant region. The chimeric light chain is a contiguous polypeptide 

25 having a rodent light chain variable regions or hypervariable regions and human light chain constant region. 

The chimeric antibodies can be monovalent, divalent or polyvalent. Monovalent antibodies are dimers (HL) formed 
of a chimeric heavy chain associated (through disulfide bridges) with a chimeric light chain. Divalent immunoglobulins 
are tetramers (H 2 l-2) formed of two associated dimers. Polyvalent antibodies can be produced, for example, by employ- 
ing heavy chain constant region which aggregate (e.g., mu type constant regions). 

30 The variable regions of the chimeric antibodies are derived from the anti-lgE antibody of this invention. The heavy 
chain constant region can be selected from any of the five isotypes alpha, delta, epsilon, gamma or mu. Heavy chains 
of various subclasses (such as the IgG subclasses) can be used. The different classes and subclasses of heavy chains 
are responsible for different effector functions and thus, by choosing the desired heavy chain constant region, chimeric 
antibodies with desired effector function can be produced. The light chain constant region can be from the kappa or 

35 lambda chain. 

In general, the chimeric antibodies are produced by preparing a DNA construct which encodes each of the light and 
heavy chains components of the chimeric antibody. The construct comprises fused gene comprising a first DNA seg- 
ment which encodes at least the functional portion of the murine variable region (e.g. functionally rearranged variable 
regions with joining segment) linked to a second DNA segment encoding at least a part of a human constant region. 
40 Each fused gene is assembled in or inserted into an expression vector. Recipient cells capable of expressing the gene 
products are then transfected with the genes. The transfected recipient cells are cultured and the expressed antibodies 
are recovered. 

Genes encoding the variable region of rodent light and heavy chains can be obtained from the hybridoma cells 
which produce the anti-lgE antibodies. For example, the murine hybridoma cell lines which produce murine anti-lgE 
45 antibody provide a source of variable region genes. 

Constant regions genes can be obtained from human antibody producing cells by standard cloning techniques. 
Alternatively, because genes representing the two classes of light chains and the five classes of heavy chains have 
been cloned, constant regions of human origin are readily available from these clones. 

Preferably, the fused genes encoding the light and heavy chimeric chains are assembled into expression vectors 
so which can be used to cotransfect a recipient cell. Suitable vectors for the gene constructs include plasmids of the types 
pBR322, pEMBL and pUC. Each vector contains two selectable genes - one for selection in a bacterial system and one 
for selection in a eukaryotic system - each vector having a different pair of genes. These vectors allow production and 
amplification of the fused genes in bacterial systems and subsequent cotransfection of eukaryotic cells and selection of 
the cotransfected cells. Examples of selectable gene for the bacterial system are the genes which confer ampicillin and 
55 the gene which couples chloramphenicol resistance. Examples of selectable genes for eukaryotes are get and neo. 

The preferred recipient cell line is a myeloma cell. Myeloma cells transfected by antibody genes can synthesize, 
assemble and secrete immunoglobulins encoded by the antibody genes. Further, they possess the mechanism for gly- 
cosylation of the immunoglobulin. A particularly preferred recipient cell is the Ignonproducing myeloma cell SP2/0. 
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Shulman et a], Nature 276:269 (1978). The cell produces only immunoglobulin encoded by the transfecled immu- 
noglobulin genes. Myeloma cells can be grown in culture or in the peritoneum of mice where secreted immunoglobulin 
can be obtained from ascites fluid. Other lymphoid cells such as B lymphocytes or hybridoma cells can serve as suita- 
ble recipient cells. 

5 Lymphoid cells can be transfected.with vectors containing immunoglobulin encoding genes in several ways. These 
include electroporation, protoplast fusion and calcium phosphate precipitation procedure. The resulting transfected 
cells provide continuous, stable cell lines which produce chimeric antibodies. 

The chimeric antibodies can be produced in large quantity in large scale tissue culture systems such as various 
continuous perfusion systems, hollow fiber systems, static maintenance culture systems or other systems. 

io Near human antibodies or antibody fragments can also be produced by engineering gene sequences of human 
antibodies which encode the hypervariable (complementarity determining) regions providing appropriate anti-lgE spe- 
cificity. See e.g., Robert, S. et al., Natare 328:731-733 (1987); Better, M-.-et at., (1988) Sci_ence 240:1041. 

12. Developing Antibodies to mb/ec Segment. 

15 

The e. mb/ec peptides can be used in the immunization of animals to prepare polyclonal and monoclonal antibodies. 
They can also be used to screen for specific monoclonal antibodies or characterize Specific polyclonal antibodies. They 
can also be used to purify monoclonal and polyclonal antibodies. 

In the process of preparing tor monoclonal antibodies specific for c.mb/ec peptide, it is not necessary to use the 
20 e.mb/ec peptide in both immunization and antibody identification. For example, in immunizing mice for preparing 
immune spleen cells for fusion with myeloma cells, the immunogen may be the membrane-bound IgE isolated from 
plasma membrane of IgE-bearing myeloma cells, such as SK007 cells. The immunogen may also be the IgE-bearing 
myeloma cells. 

For using the synthetic c.mb/ec peptide for immunogen, it is more effective to conjugate the peptide to a protein car- 

25 rier. A preferred protein carrier is keyhole limpet hemocyanin (KLH). If the peptidic segment lacks a Lys residue or if the 
Lys residue is in the middle part of the segment, it is desirable to add a Lys residue at the C-terminal end. Because the 
N-terminus already has an a-amino group, the modified synthetic peptide will have two amino groups for linking. 

Multiple molecules of peptides can be conjugated to each molecule of the carrier protein. With KLH, a preferred 
molar ratio for peptide/KLH is 10. The method of conjugation is very well established. Cross-linkers such as glutalde- 

30 hyde or bis (sulfosuccinimidyi) suberate or disulfosuccinimidyl tartarate (Catalogue #21579, 20591, Pierce Chemical 
Co., Rocklbrd, IL) have been used. A preferred cross-linker is the latter. 

The immunogen, such as the KLH conjugate, can be used to immunize rabbits, goats, rats, or mice to prepare pol- 
yclonal antibodies specific tor the e-mb/ec peptide. Lymphocytes from the spleen or lymph nodes of immunized mice 
and rats can also be taken to prepare hybridomas secreting monoclonal antibodies specific for the c.mb/ec peptide. A 

35 preferred protocol to prepare the monoclonal antibodies is to fuse immune spleen cells of mice with non-secreting 
mouse myeloma cells, such as NS-1 or SP2/0 cells using polyethylene glycol. 

For optimal immunization of mice, 50 ng of the peptide-KLH conjugate in complete Freurtd's adjuvant is injected 
subcutaneously into each mouse for priming. Two and four weeks later, the same amount of antigen is given s.c. in 
incomplete Freund's adjuvant. At about the six week time point, the fourth antigen injection is given i.p. in saline. Mice 

40 are sacrificed 4 days after the last injection and the spleens are taken for preparing single cell suspension for fusion 
with myeloma cells. Similar protocols can also be used for immunization with purified native human membrane-bound 
IgE (having attached membrane anchor domain) isolated from the plasma membrane of IgE-bearing human myeloma 
cells, such as SK007 cells. When human IgE-bearing cells are used as the immunogen, 1x10 7 cells are injected i.p. with 
two week intervals. 

45 The fusion procedure with polyethylene glycol and other various procedures concerning cloning and hybridoma 
culturing have been described in Section 1 1 . 

The screening of hybridomas for monoclonal antibodies or the identification of polyclonal antibodies reactive with 
e.mb/ec peptide can be performed with enzyme linked immunosorbent assays (ELISA) using the synthetic E.mb/ec pep- 
tide as the solid phase antigen. An alternative solid phase antigen is the conjugate of e.mb/ec peptide with a different 

so carrier protein such as bovine serum albumin different from that used in immunogen. Further characterization of the 
monoclonal and polyclonal antibodies are shown in Table 6. The assays employed in these studies are also indicated. 
The assays are described below. 



55 
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Table 6 



The reactivity of antibodies specific for £.mb/ec peptid with different IgE-containing targets. 


Reactivity 


Assays 


Synthetic e.mb/ec peptide 


+ 


ELISA 


Soluble IgE 




ELISA 


Basophils and mast cells 




Immunofluorescence staining Histamine release 


SK007 myeloma cells 


+ 


Immunofluorescence staining 


IgE-bearing B cells 


+ 


Immunofluorescence staining 



15 

13. Experiments with Animal Models. 

The substances and methods are tested on animal model systems. Two of the most relevent systems are the fol- 
lowing. 

20 

A. Asthma/rhesus monkey model 

The monoclonal antibodies specific for human e.mb/ec peptide and their related substances of this invention are 
intended for use to treat patients with various IgE-mediated allergies (sea section 6 below). Among these allergies, 
25 extrinsic asthma is a more serious form. An experimental model system for studying asthma has been established with 
rhesus monkeys. 

A small portion of rhesus monkeys, which have been infected with the nematode, Ascarjs suum, develop sensitivity 
to extract of ascaris. When these sensitive monkeys are given spray containing ascaris antigen, they develop breathing 
problems resembling asthma. Patterson, R.,J._Clini. lnve_st v 5_7:586-593 (1976). 
30 The various substance of this invention can be experimented in the asthma/rhesus monkey model system. The 
ascaris sensitive monkeys are given the experimental treatment or control treatment and measurements are made to 
determine: 



(a) Does the asthma symptoms upon ascaris challenge decline? 
35 (b) Does the circulating IgE decline? 

(c) Does the circulating IgE-bearing B cells decline? 

(d) Does the IgE density on basophils decline? 

B. Mouse model system 

40 

Mice are not known to develop allergic symptoms naturally. However, for demonstrating the pharmacologic mech- 
anisms of the intended therapy in regards to the depletion of IgE-bearing B cells and IgE, the mouse can serve as an 
excellent model. 

The e.mb/ec segment of mouse has already been sequenced. Ishida, N. et ai., EMBO J. 1:111 7-1 123 (1982) The 
45 1 9 amino acid residue peptide is 

Glu-Leu-Asp-Leu<3ln-Asp-Leu-Cys-lte^ 

The peptide is synthesized in several forms, including one that has extra Leu-Lys residues at the C-terminus. 
The peptide and its KLH conjugate are used as antigens to immunize rabbits and goats. The arrtisera are collected. 
The antigen-specific antibodies are purified using a column of Sepharose 4B conjugated with the peptide (with Leu-Lys 
so addition) or with peptide linked to bovine serum albumin Normal mice are injected i.v. or i.p. with the purified antibodies 
or their related substances to study the following questions: 

(a) Does the total IgE in circulation decline? 

(b) Does the number of IgE-bearing B cells decline? 

ss (c) Does the density of IgE on the surface of basophils decline? 

(d) Do IgM and IgG specific for e.mb/ec peptide cause different effects? The purpose of this question is to address 
the effects of antibody-dependent cellular cytotoxicity (ADCC) in the depletion of IgE-bearing B cells. IgG, not IgM 
is known to mediate ADCC. 
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The invention is further illustrated by the following examples. 

Example J:. Preparation ofthe Hybridp_ma_s_and Monoclonal Anybodies 

5 a) proration of Human IgE 

Human IgE was obtained from a commercial source and purified for immunizing mice to obtain immune spleno- 
cytes for fusion and for screening hybrids. The IgE was also used to characterize the various monoclonal anti-lgE anti- 
bodies. Two preparations of human IgE were used. One was polyclonal IgE purified from human sera, which was 

10 obtained from Ventrex (Portland, Maine). This human IgE was purified from sera by affinity chromatography using 
Sepharose 4B column conjugated with rabbit IgG specific for human IgE. Contaminating human albumin and transferrin 
were removed by affinity column conjugated with antibodies specific for albumin and transferrin. Monoclonal human IgE 
was also produced from culture supernatants of IgE-producing U266 cell line. The IgE was affinity purified on a Sepha- 
rose 4B column conjugated with a monoclonal antibody specific for human IgE. This monoclonal antibody IgG was puri- 

15 tied from the ascitic fluids of mice bearing the specific hybridomas with a protein A-conjugated column 

The polyclonal and monoclonal human IgE's were analyzed by SDS-polyacrylamide get electrophoresis under 
reducing and non-reducing conditions. In both cases, distinctive IgE molecules (under non-reducing conditions) and 
heavy and light chains (under reducing conditions) were observed and only traces of relatively very light bands of some 
other contaminating proteins were present. Since the U266 cell line was grown in serum-free, defined medium, we had 

20 some clues as to the identity of the contaminating proteins in the monoclonal human IgE preparation. 

b. !mmunizatio_n_Prpced_ure 
1 . Procedure 

25 

Male Balb/c mice of initially 6-8 weeks old were used for immunization for preparing immune spleen cells for fusion 
with myeloma cells to produce hybrids. The polyclonal human IgE purified from sera provided by Ventrex was used as 
the immunogen. The rationale for this is that the monoclonal IgE produced by U266 cell line might bear certain unknown 
anomalies. In addition, we did not want to generate monoclonal antibodies against the idiotypes of U266 IgE, and it 

30 would be much more likely to induce anti-idiotypic responses against monoclonal antibodies. After performing three 
fusion experiments with mice immunized with U266<lerived IgE, we switched to fusions with mice immunized with pol- 
yclonal, human-sera-derived IgE. 

For immunization, each mouse was injected with 50 jig of human IgE per injection. The first immunization was 
given in complete Freund's adjuvant. The mice were injected subcutaneously at sites with high concentrations of lymph 

35 nodes, for example, the underside of the intersection of the limbs and the trunk. One month and two months later the 
mice received subcutaneous booster injections at the same sites with 50 fig IgE. The boosters were prepared essen- 
tially in the same manner as was the first injection, except that for the boosters the emulsification was done in incom- 
plete Freund's adjuvant. 

After at least another month, each mouse was reimmunized subcutaneously for the last time (the fourth injection) 
40 with 50 jig IgE in PBS. Each mouse was injected subcutaneously at the intersection of each lint) with the trunk, and 
intraperitoneal^. Three days after the last injection, the mice were sacrificed and their spleens were removed. The 
spleen cells were then fused with myeloma cells by the following procedure. 

c) Fusion 

45 

Suspensions containing a five-to-one ratio of spleen cells to myeloma cells were prepared. The myeloma cells cho- 
sen were NS-1 . The NS-1 cells were conditioned to have a doubling time about every seventeen hours. They were used 
for fusion when in the log phase. The NS-1 cells were subcurtured in bacteriological plates (100mm) at a concentration 
of 6 x 10 4 cells/ml in 10 ml of Dulbecco's Modified Eagle's Medium (DMEM) containing 5% fetal bovine serum (FBS), 
so . 100 units/ml of penicillin and 100 ug/mi of streptomycin. The medium was changed every three days. Alternatively, the 
cells were subcultured at 1 .5 x 10 5 cells/ml in 1 0ml of the same medium, and the medium was changed every two days. 

The spleen cells were prepared by placing the spleen on a bacteriological plate (100 mm) and injecting 20 ml of 
calcium, magnesium free PBS (CMF-PBS) into both ends of the spleen to loosen up the spleen cells, The spleen ce|ls 
were then transferred to a 50 ml centrifuge tube. 
55 The spleen cells were centrifuged at 200 g for five minutes, and then suspended in 5 ml of 0.83% NH 4 CI (0.1 55 M) 
for 10 minutes at room temperature to lyse the erythrocytes. 5 ml of CMF-PBS was added to the tube to stop the lysis. 
The cells were then pelleted and resuspended in 1 0 ml of CMF-PBS. 

The concentration of lymphocytes was determined by adding 40 \i\ of cell suspension to 10 ml of saline together 
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with 3 drops of Zap-oglobin™. The number of lymphocytes was counted with a hemacytometer and the concentration 
of cells determined. 

The NS-1 cells were transferred from bacteriological plates (100 mm) to a 50 ml centrifuge tube. The cell concen- 
tration was determined. The NS-1 cells were then suspended in 10 ml of CMF-PBS and mixed with spleen cells at 1 :5 
5 in a 50 ml centrifuge tube. Routinely, we obtain 2-5 x 10 8 cells from one spleen from an immunized animal and we use 
two spleens in each fusion experiment. 

The cells were spun down and washed once with 10 ml of CMF-PBS. The supernatant was aspirated as much as 
possible with a glass Pasteur pipette. The tube was gently tapped to free the cell pellet. 

Prior to preparing the cells, a fusion mixture had been prepared as follows. 5 g of polyethylene glycol 1 450 (Kodak) 
10 had been mixed with 5 ml of CMF-PBS and 0.5 ml of DMSO. This mixture had been warmed to 56°C, titrated to a final 
pH of 7.0, and filtered through a 0.22 n Millipore filter to sterilize. 1.0 ml aliquots had been added to Cryotubes, and 
these had been stored at -70°C. 

To prepare the fusion mixture for use, one of the aliquots in the Cryotubes was melted by heating it to 37°C. Sepa- 
rately, a tube containing 10.0 ml of DMEM (without serum) was heated to 37°C. 
75 The 1 .0 ml aliquot of polyethylene glycol fusion mixture was added to the cell suspension and the suspension was 
mixed well. Forty-five seconds after the polyethylene glycol fusion mixture had been added, 2.0 ml of the pre-heated 
DMEM (without serum) was added dropwise with mixing. The remaining 8 ml of the pre-heated DMEM (without serum) 
was then added. The cells were left at room temperature for 10 minutes. 

2.0 ml of FBS was added to the suspension and the suspensions were mixed well. The combination of the FBS and 
20 the CMF-PBS can help to prevent adherence of cells to the test tube walls. The suspension were then centrifuged at 
400 g for four minutes. 

After having been spun down, the cells were suspended in about 120 ml of a modified medium, supplemented with 
5% FBS, 100 units/ml of penicillin, 100 ug/ml of streptomycin, and hypoxanthine, aminopterin and thymidine (HAT). 

The concentration of the cell suspension was adjusted to 3.3 x 10 5 of the spleen cells per 200 microliters of sus- 
25 pension. 200 microliter aliquots of suspension were then distributed to each well of a 96 well microliter plate. After typ- 
ically 20-30 such plates were prepared for each fusion, the plates were transferred to an incubator and maintained at 
37°Cin5%C0 2 - 

The cells were grown for seven days in the plates, then the growth medium was withdrawn and new medium was 
added. Four days after that, an enzyme linked immunosorbent assay (ELISA, below) was performed on the antibodies 
30 in the wells to determine which would bind human IgE. 

2. Results 

Four fusion experiments with mice using the above immunization protocols were done. For these fusions, 7, 15, 36, 
35 and 1 5 plates of 96 wells of fusion cells were prepared, respectively. More than 98% of wells had cell growth and a well 
had on the average 3-5 clones of hybrids. Thus, we produced about 7,000 wells and probably 21 ,000-35,000 clones in 
the four fusions. 

d) ELISA Procedure 

40 

1 . Procedure 

The primary screening procedure for the very large numbers of hybrids resulting from the fusion wells was ELISA 
with human IgE as the solid phase antigen. The polyclonal IgE purified from human sera (Ventrex) was used as the arrti- 
45 gen. 

One important and decisive strategy in our screening procedure was to screen generally high affinity antibodies 
from the 1,000-4,000 wells from each fusion experiment. This was done by coating very small amounts of human IgE, 
50 |il of 0.1 ug/ml onto each well. Assuming all the IgE was bound to the solid phase, only 5 ng would be in each well. 
Because of this small amount, the possibility of screening out hybrids specific for contaminating proteins was also 
so greatly reduced. Another very important strategic point was that only wells that show high O.D. readings were chosen 
for further characterization and for cloning. 

In the procedure, 50 nl of 0.1 ug/ml of human IgE was added to wells of 96-well Immunion I plates. The plates were 
covered and incubated for eighteen hours at 4°C to allow the protein to bind to the plate. 

The liquid contents of the plates were then emptied, and 200 \i\ of 0.1 M NH 4 CI was added to each well in order to 
55 saturate any remaining binding sites on the plates. The NH 4 CI solution was left in the wells for 30 minutes at room tem- 
perature. 

The NH 4 CI solution was then removed and the wells were washed three times with PBS and 0.05% Tween 20. 
Some of the PBS/0.05% Tween 20 solution was left in the wells until the antibody suspension described below was 
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added. 

50 jil of the cell fusion supernatant from each well of the 96 well plates was added to each of the wells on the Immu- 
lon I plates, and incubated for one hour. Following incubation, the plates were rinsed three times with PBS/0.05% 
Tween 20 in order to remove any unbound antibody. 
s The cell fusion supernatant would contain the antibody which was produced by the various hybridomas in the 96 
well plates. The antibody which was specific to human IgE would bind thereto. The amounts of antibodies bound to the 
solid phase were then determined by a routine procedure using horse-radish peroxidase-conjugated goat-anti-mouse 
IgG, using 3,3\5,5'-tetramethyl benzidine as the substrate. 

10 2. Results 

From the approximate 7,000 wells screened totally, about 4,000 wells (about 60%) were positive in the ELISA. Most 
of these positive wells probably contained hybrids producing monoclonal antibodies for human 1916. From these 
approximately 4,000 wells in the ELISA, we chose 53 wells with the highest O.D. readings for cloning and further char- 
is acterization. 

The 53 monoclonal antibodies were checked in ELISA using wells of plates coated with human serum at various 
dilutions. All of them were negative in the ELISA suggesting that they did not react with human albumin, IgM, transferrin, 
or other major serum proteins which might have contaminated the IgE preparations used as the immunogen for mice 
and as the antigen in the primary screening ELISA. 

20 

d) Single Cell Cloning 

Cell suspensions from each of the 53 wells with the highest O.D. readings in ELISA were expanded in the wells of 
a twenty-four well plate, the cell suspensions were diluted to thirty, fifty and one hundred cells per milliliter. 0. 1 ml of the 
25 . diluted cell suspensions (containing an average of three, f ive and ten cells, respectively) was placed into the wells of a 
96-well plate. The wells had been coated with histone. 

After the cells grew up to become colonies, the cells were checked under a microscope. The ceils of each colony 
did not move about and form colonies. The single-cell clones showing strongest reactivities in ELISA were chosen and 
expanded in culture. 

30 

e) Production and Purification of Monoclonal Antibodies 

To produce large quantities of desired monoclonal antibodies, the following procedure was performed. 

Some of the clones showing high O.D. readings in ELISA, which were grown in the wells in the twentyfour well 
35 plates, were expanded further in 100 mm tissue culture plates. The expanded culture of the selected single-cell clones 
were then separately injected into the peritoneal cavity of prestane treated mice, using five million cells per mouse. After 
seven days the ascites fluid of each mouse was collected and frozen. 

The monoclonal antibodies in the ascitic fluid were purified as follows. The frozen ascitic fluid was thawed and fil- 
tered through a nylon cloth to remove viscous material. Sufficient phenylmethyl sulfonyl fluoride was added to the ascitic 
40 fluid so that there was a final concentration of 0. 1 mM. 0.05 ml of 1 .2M acetate buffer (pH 4.0) was added for every mil- 
liliter of ascites fluid. The final concentration of the acetate buffer was 60 mM. The pH was adjusted to 4.5. 

For every milliliter of treated ascites fluid, 25 *il of caprylic acid (MW of 144.21 , density of 0.91 g/ml) was added 
dropwise with vigorous stirring. The suspension was kept at room temperature and stirred continuously for 30 more 
minutes. 

45 The suspension was then centrif uged at 1 5,000 g for ten minutes in order to remove the precipitate. The superna- 
tant, which contains IgG, was neutralized by adding a volume of 1 M HEPES buffer (pH 8.0) equal to one-tenth the vol- 
ume of the supernatant. The IgG was then precipitated with 50% (NH 4 ) 2 S0 4 . 

The precipitate was then dissolved in HEPES saline buffer. This solution was dialysed overnight against HEPES 
saline buffer in order to remove (NH 4 ) 2 S0 4 from the IgG. The HEPES saline buffer was changed twice during the dial- 
so ysis. After dialysis, the HEPES buffer saline contains purified dissolved IgG. The purified IgG was used in certain char- 
acterization assays. 

. Some monoclonal antibodies were purified from ascites or culture fluid by a dual column chromatography method. 
First, antibodies were chromatography on DE-52 anion exchange resin (Whatman, Maidstone. England) using 0.05M 
Tris pH 8.0 with stepwise increments of NaCI from 0.01 M to 0.1 5M. Antibody-containing fractions were identified by 
55 enzyme immunoassay, concentrated by Amicon filtration (Amicon, Danver, MA, YM10 membrane) and purified further 
on a hydroxylapatite column (Bio-Gel HT; BioRad, Richmond, CA) using a 0.01 to 0.3M phosphate buffer (pH 7.4) step 
gradient. Purity was assessed by isoelectric focusing (13) and SDS-PAGE using the Pharmacia PHAST system (Phar- 
macia, Piscatway, N.J.) and the concentration determined by OD 380 nm (1 .5 = 1 mg/ml). 
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ExampleJI: Charaderizatan of the MonocJona[ Antibody of thejnventiqh 

a) _Bjndjnj£[tp_Basp9hils JJsjn&an Immunofluorescence Assay and a R^i&inding Assay 

5 The IgE-reactive monoclonal antibodies have been studied to determine whether they bind to basophils isolated 
from peripheral blood. From this second level of screening, we chose antibody to have the therapeutic value. The anti- 
body must not bind to basophils and mast cells and cause the release of pharmacological mediators. 

Intially, we chose to use immunofluorescence staining assay because basophils account for very small percent- 
ages (0.5-2%) among leukocytes. We believed that even with enriched basophil preparations, examining cells at the 

10 single cell level using immunofluorescence staining or biotin-avidin enzyme immunostaining probably gave more pre- 
cise determination than radiobinding or ELISA examining the total cell populations. 

1 . Isolation of basophils 

is Basophils were highly enriched from peripheral blood of normal, healthy individuals using density centrifugation on 
Percoll by adopting a procedure described by R Raghuprasad.. JJmmunoL 129:2128-2133 (1982). Briefly, Percoll 
stock solution was prepared by mixing 90 ml 90% Percoll solution with 8.96 ml 10x Hanks-balanced salt solution, 0.45 
ml 1 N HCI, and 1 ml 1 0x HEPES buffer (pH 7.6). The required densities of Percoll were prepared by using the following 
formula (8): Percoll density (g/ml) = (% Percoll stock solution x 0.001186) + 1.0041 , where 0.001 186 is a constant 

20 and 1.0041 the density of physiologic media. Because the density of Percoll is altered by temperature, it is prepared 
before the day of experiment and kept at room temperature overnight. 

Heparinized Wood freshly obtained from normal donors was diluted 1 :1 with basic culture medium RPM1 -1 640 and 
centrifuged on a Ficoil/Hypaque cusion (density = 1 .070 g/ml). The mononuclear cells at the interface were removed for 
other uses and the whitish layer on top of the red cell pellets was recovered. These granulocytes were washed and 

25 resuspended in basic medium and then centrifuged through two carefully layered Percoll gradient of 1.072 and 1.078 
g/ml at 600 x g for 1 5 minutes. The cells recovered at the interface of the Percoll layers and below the interface of basic 
medium/upper Percoll layer were harvested. These cells contained 2-10% of basophils, depending on the particular 
individual donors. 

30 2. Assay Procedure 

50 fil of the enriched basophil suspension at a concentration of 5 x 10 6 cells/ml was added to each of 1 .5 ml micro- 
fuge tubes containing specific antibodies. 50 ^l of the supernatants from the hybridoma clones showing the greatest 
O.D. readings in ELISA with human IgE as the antigen was then added to each tube. With some clones repetitious 
35 assays were performed. When purified antibodies were available, they were used at 20,5 and 1 ug/ml ; when ascitic flu- 
ids were available, they were used at 1 :50 dilutions. 

The tubes with cells and antibodies were then incubated for 30 minutes at room temperature. After incubation, the 
tubes were spun, the supernatant was withdrawn, and the cells were washed two times with a mixture of RPM1 1640, 
containing 2% fetal calf serum and 0.1% sodium azide. The tubes were then tapped to loosen the cell pellet. 
40 10 pi of labeled antibody, goat anti-mouse IgG conjugated with fluorescein isothiocyanate (FITC), was added to 
each test tube at a dilution of 1 to 200. This labeled antibody will bind to any monoclonal antibodies which have attached 
to IgE on basophils and provide a means for identifying these monoclonal antibodies. 

The tubes were again incubated for 30 minutes at room temperature. The tubes were centrifuged, and the cells 
were washed with the same medium as before. The cells were then resuspended in 50 \i\ PBS, placed onto individual 
45 slides and cover-slipped. The cells were viewed with a fluorescence microscope. 

When the antibodies stained cells, one could observe that some of cells in each viewing field were stained bright. 
Depending on experiments the percentages of positively stained cells range about 2-1 0%. 

3. Radiobinding Assays 

50 

Many of the steps used are similar to those for immunofluorescence staining. The leukocyte fraction containing 
enriched basophils is incubated with the mouse monoclonal antibody and about 10,000 cpm of 125 l-goat anti-mouse 
IgG in the presence of 1% normal goat serum as a blocker for nonspecific binding. After 30 minutes, the incubation mix- 
ture is then overlaid on top of caff serum (100%) in a conical plastic centrifuge tube. After centrifugation to pellet the 
55 cells, the upper layer and the serum are removed. The tubes are inverted to drain the residual liquid. The tips of the 
cones containing the cell pellet are then cut off with a sharp razor blade. These tips are then placed in tubes and 
counted for 125 l in a scintillation counter. It is determined whether the binding is positive or negative by comparing the 
amounts of bound 125 l between negative control monoclonal antibody and the human IgE-specific monoclonal antibod- 
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ies. 

4. Results 

5 Initially, several experiments were performed using immunofluorescence assays. More recently, tests were 
repeated using similar procedure employing biotin-labeled second antibody (goat anti-mouse IgG) and peroxidase-con- 
jugated avidin. The results from the two assays indicated that the background staining varied from one antibody to 
another antibody. The results also indicate that sensitivities of the assays are not better than those of histamine release 
assays (below). The major reason for the relatively lower sensitivities in these as says was that the percentages of 

10 basophils in the blood leukocytes from the few donors selected were all very low. Individuals with relatively high 
basophil percentage are preferred for these immunobinding experiments. Starting with leukocytes high in basophils, 
one can then prepare basophil-enriched fraction, that will be suitable for these experiments. 

b) Induction of histamine release f rom bipod leukocytes. 

15 

When a monoclonal antibody specific for human IgE bind to the IgE bound on basophils, it will cross-link the IgE 
arid aggregate the underlying FceR molecules and cause the release of histamine and other pharmacological media- 
tors. The various human IgE-specific monoclonal antibodies were tested for ability to induce histamine release from 
washed human peripheral blood leukocytes. 

20 

1. Procedure 

The method employed was the same as described in detail by Siraganian and Hook. The in vitro assay quantitated 
the percentages of total histamine in the leukocyte population that was released into the culture medium upon the incu- 
rs bation of inducers. The determination of histamine in the medium or cell lysates was done with an automated instru- 
ment which extracted histamine with n-butanol and reacted it with a coupling compound, o-phthaldehyde at high pH to 
form a fluorescent product, and measured it with f luorometer. 

We performed the histamine release induction experiments, and collected media from leukocytes after the incuba- 
tion with the antibodies to be tested and control antibodies, and prepared cell lysates to determine total histamine 
30 amounts. 

To briefly describe the best procedure for histamine release from washed leukocytes, we adopted essentially the 
procedure described by Siraganian, R.R and Hook, W.A. in Manual_qf CJinical_Chemistry, ed. Rose, N.R. and Friedman, 
H., 2d Ed, pps 208-321 , American Society of Microbiology, Washington, D.C. The blood was drawn from normal volun- 
teers by venipuncture. In 50 ml conical tube, each 10 ml blood was mixed with 1 ml 0. 1 M EDTA and 2.5 ml dextrandex- 

35 trose solution. (All solutions and reagents mentioned here are described in detail by Siraganian, supra .) The mixture 
was allowed to settle at room temperature for 60-90 minutes until a sharp interface developed between the erythrocyte 
and plasma layers. The plasma-leukocyte-platelet layer was drawn off and spun at 1 , 1 00 rpm for 8 minutes at 4°C. The 
supernatants containing the platelets were removed and 2-3 ml solution of cold PIPES A-EDTA was added and the cells 
were resuspended. Another 40 ml of cold PIPES A-EDTA was added and the cells were spun down. After the superna- 

40 tants were removed, the cells were resuspended in 20 ml PIPES A. The cells were then spun down again and resus- 
pended in PIPES ACM at cell density of 4 x 1 0 6 /ml. 

Tubes containing 0.3 ml of the washed leukocytes and tubes containing 0.3 ml of the culture medium of hydridomas 
were warmed up to 37°C in 6 minutes. The contents of the tubes were mixed and incubated at 37°C with shaking every 
10 minutes. At the end of 60 minutes, the cells were spun down and the supernatants were saved. For the determina- 

45 tion of total histamine content, 0.3 ml of the washed leukocytes were mixed with 6% perchloric acid. 

2. Results 

Recognizing the unreliability in the nature of the histamine release among the blood donors available to us, we con- 
so tracted the histamine assay to an outside laboratory which routinely performs histamine release assays. Dr. Donald 
MacGlashan's laboratory in the Department of Clinical Chemistry in Johns Hopkins University determined most of our 
human IgE-specific monoclonal antibodies for abilities to induce histamine release from basophils. The key results 
relating to those monoclonal antibodies which did not induce histamine release were then confirmed at Dr. Reuben 
Siraganian's laboratory in National lnsitute of Health. Both of these laboratories have established a stable population of 
55 high histamine releasers from screening large number of blood donors. The results of the extensive studies using leu- 
kocytes from seven donors including at lease four high releasers performed by Dr. MacGlashan are summarized in 
Table I. The antibodies were diluted 100, 10,000. or 1,000,000 folds from ascitic fluids or purified antibodies (1 to 5 
mg/ml). The histamine release data were from one representative "superreleaser". The results showed that among the 
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41 monoclonal antibodies, 12 did not induce histamine release. 

TABLE I 

Reacrrritr With Ig£- Bearing Cells and Ability to 
Induce Histamine Release br Basophils of 
Moose Monoclonal Antibodies Specific for H™*™ Ig£ 



Binding to SS007 Cell Histamine Release 

Monoclonal Antibody Dilation 

Antibodies Row i/io 2 i^ 0 4 i/io« 

Cytometry (ft ofTofil IWaue) 



GrouD I 

E'lOl-1 (/=», it) 
ES-5-3 (/=. Jt) 
E10-21-I5 (n, Jfc) 
E10-8-120 (a Jk) 
E10-12-55 Jk) 
E11-V70 (r») 

GrouD II 

E10-55-31 (n, jfc) 
E8-13-1 (n, i) 
E8-32-9 (n, Jk) 
E357-4 (n, Jk) 
E8-37-4 (n, Jfc) 
E8-4-17 (n, Jk) 

GrouD m 

E69-2 (n, Jfc) 
E10-100-9 (m, Jfc) 
E10-41-16 (rs,) 
E10-95-3 (/2b, Jk) 
E10-68-10 (n, Jk) 
E10-10-3 (n, Jfc) 
E10-5-83 (r, Jfc) 
E10-24-28 (/a, Jfc) 
E10-27-5 (/», jfc) 
ElO-22-84 (rn, Jfc) 
E10-74-23 (n, jfc) 
E10-1-88 (n. Jfc) 
ElO-3-14-25 (n. Jfc) 
E10-7-19 (n. Jfc) 
ElfclS-3 (n, Jfc) 
EiO-40-62 (o, Jk) 
E10-19-12 (a, Jk) 
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Monoclonal 
Antibodies 




Histamine Release 
Antibody Dilution 
X/10 2 1/10 4 1/10* 
(% of Toat Rciosc) 



E10-52-38 (n, *) 
E10-54-26 (n, Jb) 
E2E5-6 (n, k) 
ElO-14-52 (n. Jt) 
E10-71-47 (n, i) 
E10-25-W (o, jfe) 



30 
31 
81 
77 
81 
86 
85 
24 



57 
34 

52 
52 



64 

17 
25 
24 
16 
26 
78 
74 
84 
91 
92 
3 



14 
2 

12 
0 
0 
0 

70 
16 
86 
90 
90 
0 



E10-6I-6 (n, k) 
E10-33-22 (ru) 
E508-10 (n) 
E588-13 (n) 
E10-80-4 (rs>) 
E545-4 (n, Jb) 



+ 
+ 



c) Binding_qf monoclonal janti^jKjpJgE^ecreting.MYeloma Celjs 

Some myeloma cells (which are tumor cells derived from immunoglobulin-secreting plasma cells) are known to 
express low levels of immunoglobulins on their surface, compared to those on the surface of resting 6 cells. IgE mole- 
cules are bound to the surfaces of basophils (or mast cells) and B cells by two different mechanisms. IgE binds to 
basophils and mast cells via the interaction of FceR molecules on these cells and a certain site on the Fc of IgE. IgE 
are synthesized by B cells or plasma cells and are transported to the cell surface and retained on the surface by an extra 
constant heavy chain segment This anchoring segment is found only in membrane-bound immunoglobulins and not in 
secreted forms of immunoglobulins. The differential binding of a monoclonal antibody to IgE on basophils and on B cells 
is a fundamental basis for the application of the antibodies for therapy of allergy. 

Since IgE-bearing B cells and plasma cells are very few in the mononuclear leukocyte fraction and since the topo- 
graphical and structural characteristics of membrane-bound IgE molecules are most likely the same on plasma cells, B 
cells or IgE-secreting myeloma cells, we have chosen to study the binding of monoclonal antibodies to IgE myeloma 
SK007 (from American Type Culture Collection) cells. The interaction of the monoclonal antibodies can also be exam- 
ined with normal IgE-bearing B cells and plasma cells. 



Human SKO-007, CCL-156 and CCL-159 cells, expressing surface-bound human IgE-lambda, IgM-lambda and 
lgG1 -kappa, respectively, were maintained in RPMI medium 1640 supplemented with 5% fetal bovine serum and 2mM 
glutamine from GIBCO and 1% antibiotic-antimycotic solution. Peripheral blood mononuclear cells obtained by veni- 
puncture of healthy donors were prepared by Ficoll-Hypaque (Pharmacia, Piscataway, N.J.) density gradient centr'rfu- 
gation. Binding of monoclonal antibodies to cell surfaces was assessed using two types of assays: binding of antibodies 
to live cells followed by indirect fluorescent flow cytometric analysis and an enzyme-linked antibody assay with the cells 
attached to microtiter plates. 

Binding of antibodies to live cells was performed by pelleting the cells by centrifugation at 300xg for 5 min. washing 
maintenance media from the cells with PBS-BSA and resuspending the cells at 20x1 0 6 in PBS-B. Fifty jil of cell sus- 
pension was mixed with 50 |il of antibody at twice the stated concentrations (1-10 ng/ml) in P BS-B and kept on ice. After 
a 30 min incubation, 2 ml of ice cold PBS-B was added to each tube, and the cells were collected by centrifugation at 
300xg for 5 min at 5°C. Supernatant was decanted, cell pellets resuspended by vortexing and cells washed once with 
an additional 2 ml of PBS-B. After collecting the cells by centrifugation, 20 jJ of affinity purified goat F(ab')2 anti-mouse 



1. Procedure 
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IgG (H + L) (Boehringer Mannheim, Lot 52934, code 60529) diluted 1 :20 in PBS-B was added to each tube. The tubes 
were incubated 20 min on ice and washed with PBS-B as above. Finally, cell pellets were resuspended in 0.5 ml of 1% 
paraformaldehyde (Polysciences, Inc.. Warrington, PA) in PBS. Cells were analyzed using a EPICS Profile (Coulter, 
Hialeah, FL) equipped with a 5W argon laser running at 488 nm, 0.6W at Cytology Technology, Inc. (Houston, TX). Flu- 

5 orescence intensity was collected with a built-in logarithmic amplifier after gating on the combination of forward light 
scatter and perpendicular light scatter to discriminate viable cells. 

The cell-bound enzyme-linked antibody assay was performed by binding MAbs to glutaraldehyde-fixed cells 
according to the method of Kennett, R.H. in Monoclonal Antibodies, eds. Kennett, R.H. et al. f pp. 376, Plenum Press, 
New York (1980). Poly-Uysine (100 Ml/well, 10 ng/ml in PBS) was added to flat bottomed microtiter plates (Falcon 

10 #3072, Becton Dickinson Labware, Oxnard, CA). This solution was flicked out of the wells after 30 min at 22°C and 50 
nl of cells at 2.5x1 0 6 cells/ml of calcium and magnesium-free Dulbecco-modified PBS (GIBCO) was added to each well. 
Cells were deposited on the bottom of the wells by centrifugation at 300xg for 5 min and cells were fixed at 22°C for 1 0 
min by adding 50 pJ of glutaraldehyde diluted to 0.25% in ice-cold PBS. Non-specific binding sites were blocked by 
sequential incubation of 0.1M glycine-0.1 %BSA in PBS (200 jiJ/well) followed by Blotto [5% non-fat dry milk (Carnation, 

is LA, CA) in PBS with 1 g/L of thimerosal]. Blocking solutions were removed by gentle flicking of the plate. Cells were 
exposed to 50 nl/well of control or test monoclonal antibody in Blotto for 1 hr at 37°C. Unbound antibody was removed 
by flicking the plate and washing 6 times with 200 nl/well of PBS using a Transtar 96 pipetting device (Costar, Cam- 
bridge, MA). Subsequently, the cells were incubated with 50 \A biotin-Iabeled affinity-purified goat anti-mouse lgG(KPL, 
Gaithersburg, MD) at 0.5 ng/ml in Blotto for 1 hr at 37°C. All wells were washed as above and horseradish peroxidase- 

20 streptavidin was added at 0.5 jig/ml in Blotto for 1 hr at 37°C. Unbound conjugate was removed by washing as above 
and 100 pi of TMB substrate was added. The plates were kept in the dark for 30 min at 22°C and the reaction was 
stopped with the addition of 50 pl/well of 4N H 2 S0 4 . Optical density at 450 nm was measured using a Biotek microtiter 
plate reader. 

25 2. Results 

Among the 41 monoclonal antibodies tested with flow cytometric analyses, 35 were shown to stain SK007 cells! All 
of the 29 monoclonal antibodies which induced histamine release from basophils, stained. Among the 12 monoclonal 
antibodies, which did not induce histamine release, 6 stained and 6 did not stain SK007 cells (Table I). The results with 

30 enzyme immunostaining were the same as those with flow cytometric assays. Thus, in the group of monoclonal anti- 
bodies that have been analyzed, six fit the criteria that they do not bind to basophils and induce histamine release and 
that they bind to IgE-producing B cells. As discussed earlier, Siraganian and his colleagues (Fed. Proc. 46:1346, 
(1987)) developed two mouse monoclonal antibodies (E14C5IB1 and E11AC3IIC) against human IgE that could inhibit 
binding of IgE to basophils. We obtained these two antibodies from Dr. Siraganian and showed that they bind to SK007 

35 cells and did not induce histamine release from basophils. 

d ) P^ e _ r C n i n jQ9. t^? Bjndina Affinity with Human JSl E . 
1 . Principle and Procedure 

40 

It is well known that the sensitivity of immunoassays depends on the affinities of the antibodies for the substances 
to be measured. In the cases of solid phase sandwich immunoassays using two monoclonal antibodies, one as the 
solid-phase adsorbent and one as the tracer, both of the affinities of the two monoclonal antibodies for the antigen are 
important. The influence of antibody affinity on the performance of different antibody assays and the use of immu- 
45 noassays for calculating antibody affinity have been systematically studied. Nimmo et al. J. Immunol. Met. 7_2:1 77-1 87 
(1984); Muller J. Immunol Met. 34:345-352 (1980). 

For determining the affinity of a monoclonal antibody for an antigen, one can coat the antigen on the solid phase of 
an immunoassay, for example, the microtiter wells of a 96-well ELISA plate. The affinity of a monoclonal antibody rela- 
tive to that of a reference monoclonal antibody for the same antigen on the solid phase can be determined by comparing 
so the two monoclonal antibodies in the immunoassay. The affinity or the association constant of the reference monoclonal 
antibody has been determined by a certain other method or a similar method. The O.D. readout of the monoclonal anti- 
body which affinity is to be determined in comparison to that of the reference monoclonal antibody will indicate whether 
the affinity of that monoclonal antibody is greater or lower than that of the reference monoclonal antibody. 

When a reference monoclonal antibody is not available, the analysis can be made against a reference monoclonal 
55 antibody specific for a different antigen. By coating same molar amount antigen on the solid phase and applying all 
other assay conditions and parameters identical, the relative affinity of the two monoclonal antibodies can be deter- 
mined from the O.D. readouts. 

In our determination of the affinities of the several human IgE-specific monoclonal antibodies that bind to SK007 
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cells but do not induce histamine release from basophils, we compared the binding of various monoclonal antibodies to 
human IgE with that of a monoclonal antibody to human p-HCG, which affinity has been determined to be 1 x 10 11 
liter/mole. In our assays, we coated 50^1 of 0.1 ng/ml of p-HCG or human IgE on the wells of an ELISA plate and titrated 
the anti-HCG monoclonal antibody and the various monoclonal antibodies against the respective antigens on the solid 

s phase. The procedure was in effect the same as described in the ELISA procedure in Example I. By using horseradish 
Peroxidase-conjugated goat-anti-mouse IgG and the enzyme substrate, the titration curves were determined. 

The affinity of monoclonal antibodies of interest can also be determined by 125 l-labeled human IgE. The solutions 
of the antibodies and 125 l-lgE of known concentrations are mixed and the mixture is allowed sufficient time (24 hours) 
for the binding to reach to equilibrium. The immune complexes are then swiftly removed by affinity adsorption using 

10 excess Sepharose 4B conjugated with goat-anti-mouse IgG. The free 125 l-lgE is washed off swiftly. From the propor- 
tions of free 125 l-lgE and bound 125 l-lgE, the association constant, Ka, of the monoclonal antibody can be calculated. 
This method is especially suitable for antibodies of high affinity. 

2. Results 

15 

The six monoclonal antibodies that do not induce histamine release from basophils and that bind to SK007 cells 
have been determined to have association constant. Ka. in the range of 3x1 0 8 to 5x1 0 9 liter/mole. 

Claims 

20 

1 . A monoclonal antibody or a fragment thereof which 

(a) binds specifically to Ige-bearing lymphocytes and 

(b) does not bind to basophils and mast cells, 

25 for use in therapy. p 

2. The antibody or fragment thereof according to claim 1 which does not bind to soluble IgE. 

3. The antibody or fragment thereof according to claim 1 which additionally binds to soluble IgE. 

30 

4. The antibody or fragment thereof according to claim 2 which is a mouse lgG2a, human lgG1 or lgG3 subclass anti- 
body. 

5. An antibody or a fragment thereof which specifically binds to IgE bound to the membrane of B cells but not to the 
35 soluble form of the IgE. 

6. An antibody or a fragment thereof which specifically binds to the extracellular segment of the membrane-bound 
domain of an IgE chain. 

40 7. The antibody or fragment thereof of claim 5 or 6 wherein the IgE is human IgE. 

8. The antibody or fragment thereof according to any one of claims 1 to 7 which is a human antibody or a fragment 
thereof. 

45 9. A monoclonal anti-idiotypic antibody or a fragment thereof specific for the paratope of an antibody or fragment 
thereof according to any one of claims 1 to 8. 

10. The antibody or fragment thereof according to any one of claims 1 to 9 which is a chimeric antibody or a fragment 
thereof. 

.50 

1 1 . The antibody or fragment thereof according to claim 1 0 which is a chimeric rodent/human antibody having an anti- 
gen binding region of rodent origin and a constant region of human origin. 

12. The antibody or fragment thereof according to claim 1 1 wherein the rodent is a mouse. 

55 

1 3. The chimeric antibody or fragment thereof according to claim 1 1 or 1 2 wherein the antibody or fragment thereof has 
a murine antigen binding region and a human gamma 1 or gamma 3 heavy chain constant region. 
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14. An immunotoxin for use in therapy comprising an antibody or a fragment thereof according to any one of claims 1 
to 13 conjugated to a cytolytic or cytotoxic agent. 

15. The immunotoxin according to claim 14 wherein the cytolytic or cytotoxic agent is ricin, Pseudomonas toxin, diph- 
s theria toxin, pokeweed antiviral peptide, trichothecenes, radioactive nuclides or membrane lytic enzymes. 

16. A continuous, stable cell line which secretes a monoclonal antibody according to any one of claims 9 to 13. 

1 7. The cell line according to claim 1 6 which is a hybridoma cell line. 

10 

18. The cell line according to claim 1 7 which is a murine hybridoma. 

19. A peptide capable of eliciting an antibody response, wherein the antibody produced specifically reacts with mem- 
brane bound IgE, and having the amino acid sequence 

is Glu Leu Asp Val Cys Val Glu Glu Ala Glu Gly Glu Ala Pro 

and modifications of the peptide in which amino acids have been deleted, inserted or substituted without essentially 
detracting from the immunological properties thereof. 

20. The peptide of claim 1 9 conjugated to a carrier protein. 

20 

21. The peptide of claim 20 wherein the carrier protein is keyhole limpet hemocyanin. 

22. A method of producing antibodies or fragments thereof according to claims 1 , 2, 4, 5, 6, 7 or 8 comprising the steps 
of: 

25 

(a) immunizing an animal with a peptide according to any one of claims 19 to 21 or IgE molecules comprising 
at least the extra-cellular segment of the membrane-bound domain; and 

(b) Obtaining antibodies or cells that produce antibodies specific for the peptide or the extra-cellular segment 
of the membrane-bound domain from the immunized animal. 

30 

23. An antibody reactive with a peptide according to any one of claims 1 9 to 21 . 

24. The antibody of claim 23 which is monoclonal. 

35 25. A pharmaceutical composition comprising an antibody, a fragment thereof, an immunotoxin or a peptide according 
to any one of claims 1 to 15, 19 to 21, 23 or 24. 

26. The pharmaceutical composition according to claim 25 further comprising a factor enhancing antibody-dependent 
cellular cytotoxicity. 

40 

27. The pharmaceutical composition according to daim 26 wherein the factor is GM-CSF, M-CSF or macrophage acti- 
vation factor. 

28. The pharmaceutical composition according to any one of claims 25 to 27 for the treatment or prophylaxis of IgE 
45 mediated allergy. 

29. Use of an antibody, fragment thereof, immunotoxin or peptide according to any claims 1 to 15, 19 to 21, 23 or 24 
for the preparation of a pharmaceutical composition for the treatment or prophylaxis of IgE mediated allergy. 

50 30. A method of producing a hybridoma which secretes an antibody which binds Ige-bearing B cells but not basophils, 
comprising: 

(a) immunizing an animal with IgE; 

(b) obtaining lymphoid cells from the immunized animal; 

55 (c) fusing the lymphoid cells and an immortalizing cell to produce hybrid cells; and 

(d) selecting hybrid cells which produce antibody that: 

(i) does not bind IgE bound to the surface of basophils; and 
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(ii) specifically binds to IgE expressed on IgE-bearing B cells. 

31. The method of claim 30, wherein the IgE is human IgE. 

5 32. The method of claims 30 or 31 , wherein the animal is a mouse. 

33. A method of identifying Ige-bearing B lymphocytes in mixed leukocyte populations, comprising contacting a sample 
of the leukocytes with the antibody or fragment thereof according to any one of claims 1 to 13, 23 or 24 and deter- 
mining to which cells the antibody or fragment thereof bind, wherein binding of the antibody indicates Ige-bearing 
w cells. 

Patentanspruche 

I . Monoclonaler Antikdrper Oder ein Fragment davon, der/das 

15 

(a) spezifisch an IgE-tragende Lymphocyten und 

(b) nicht an Basophile und Mastzellen bindet, 
zur therapeutischen Anwendung. 

20 2. Antikdrper oder dessen Fragment nach Anspruch 1 , der/das nicht an tdsliches IgE bindet. 

3. Antikdrper oder dessen Fragment nach Anspruch 1 , der/das zusatzlich an Idsliches IgE bindet. 

4. Antikdrper oder dessen Fragment nach Anspruch 2, der/das ein Antikdrper der Maus-1gG2a-, menschlichen lgG1 - 
25 oder lgG3-Subklasse ist. 

5. Antikdrper oder ein Fragment davon, der/das spezifisch an B-Zell-Membrangebundenes IgE, nicht aber an die Ids- 
liche Form des IgEs bindet. 

30 6. Antikdrper oder ein Fragment davon, der/das spezifisch an den extrazellularen Abschnitt der membrangebundenen 
Domane einer IgE-Kette bindet. 

7. AntikOrper oder dessen Fragment nach Anspruch 5 oder 6, wobei das IgE menschliches IgE ist. 

35 8. Antikdrper oder dessen Fragment nach einem der AnsprQche 1 bis 7, der/das ein menschlicher Antikdrper oder ein 
Fragment davon ist. 

9. Monoclonaler anti-idiotypischer Antikdrper oder ein Fragment davon, der/das spezifisch ist fur das Paratop eines 
Antikdrpers oder dessen Fragments nach einem der AnsprOche 1 bis 8. 

40 

10. Antikdrper oder dessen Fragment nach einem der AnsprQche 1 bis 9, der/das ein chimarer Antikdrper oder ein 
Fragment davon ist 

I I . Antikdrper oder dessen Fragment nach Anspruch 10, der/das ein chimarer Nagetier-Anenschlicher Antikdrper ist, 
45 der einen Antigenbindungsbereich mit Nagetierursprung und einen konstanten Bereich menschlichen Ursprungs 

aufweist. 

12. Antikdrper oder dessen Fragment nach Anspruch 1 1 , wobei das Nagetier eine Maus ist. 

so 13. Chimarer Antikdrper oder dessen Fragment nach Anspruch 1 1 oder 12, wobei der Antikdrper oder dessen Frag- 
ment einen Maus-Antigen-Bindungsbereich und den konstanten Bereich einer menschlichen schweren gamma 1 - 
oder gamma 3-Kette aufweist. 

14. Immuntoxin fur die therapeutische Anwendung, umfassend einen Antikdrper oder dessen Fragment nach einem 
55 der AnsprOche 1 bis 13, der/das mit einem cytolytischen oder cytotoxischen Wirkstoff konjugiert ist. 

15. Immuntoxin nach Anspruch 14, wobei der cytolytische oder cytotoxische Wirkstoff Ricin, Pseudomonas-Toxin, 
Diphtherietoxin, antivirales Peptid der Kermesbeere (pokeweed), Trichothecenes, radioaktive Nuclide Oder Mem- 
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bran-auflOsende Enzyme sind. 
16. Kontinuierliche stabile Zellinie, die einen monoclonalen AntikOrper nach einem der Anspruche 9 bis 13 sekretiert. 
s 17. Zellinie nach Anspruch 16, die eine Hybridom-Zetlinie ist 

18. Zellinie nach Anspruch 17, die ein Maushybridom ist. 

19. Peptid, das zum Ausl6sen einer Antikfirperantwori f ahig ist, wobei der produzierte AntikOrper spezifisch mit mem- 
10 brangebundenem IgE reagiert und das Peptid die Aminosauresequenz 

Glu Leu Asp Val Cys Val Glu Glu Ala Glu Gly Glu Ala Pro aufweist und Modif ikationen des Peptids, in denen Ami- 
nosauren entfernt, insertiert Oder ersetzt worden sind, ohne dessen immunologische Eigenschaften wesentlich zu 
beeintrachtigen. 

is 20. Peptid nach Anspruch 19, konjugiert mit einem Tragerprotein. 

21. Peptid nach Anspruch 20, wobei das Tragerprotein das Hamocyanin der Napfechnecke (KLH) ist. 

22. Verfahren zur Herstellung von AntikOrpern oder Fragmenten davon nach Anspruch 1, 2, 4, 5, 6, 7 oder 8, umfas- 
20 send die folgenden Schritte: 

(a) Immunisieren eines Tteres mit einem Peptid nach einem der Anspruche 19 bis 21 , oder mit IgE-Molekulen, 
die mindestens den extrazelluiaren Abschnittder membrangebundenen Domane umfassen; und 

(b) Gewinnen von Antik6rpern oder Zelien aus dem immunisierten Tier, die fur das Peptid oder den extrazellu- 
25 laren Abschnitt der membrangebundenen Domane spezif ische AntikOrper produzieren. 

23. AntikOrper, der mit einem Peptid nach einem der Anspruche 19 bis 21 reagiert. 

24. Antikfirper nach Anspruch 23, der monoclonal ist. 

30 

25. Arzneimittel, das einen AntikGrper, ein Fragment davon, ein Immurxtoxin oder ein Peptid nach einem der AnsprQche 
1 bis 15, 19 bis 21 , 23 oder 24 umfaGt. 

26. Arzneimittel nach Anspruch 25, das ferner einen Faktor umfaBt, der die AntikOrper-abhangige zelluiare Cytotoxizi- 
35 tat verst&rkt. 

27. Arzneimittel nach Anspruch 26, wobei der Faktor GM-CSF, M-CSF oder Makrophagen-Aktivierungs-Faktor ist. 

28. Arzneimittel nach einem der AnsprQche 25 bis 27 zur Behandlung oder Prophylaxe einer IgE-vermittelten Ailergie. 

40 

29. Verwendung eines AntikOrpers, eines Fragments davon, eines Immuntoxins oder eines Peptids nach einem der 
Anspruche 1 bis 15, 19 bis 21, 23 oder 24 zur Herstellung eines Arzneimittels zur Behandlung oder Prophylaxe 
einer IgE-vermittelten Ailergie. 

45 30. Verfahren zur Herstellung eines Hybridoms, das einen Antikfirper sekretiert, der IgE-tragende B-Zellen, nicht aber 
Basophile bindet, umfassend: 

(a) Immunisieren eines Tieres mit IgE; 

(b) Gewinnen lymphoider Zellen aus dem immunisierten Tier; 

so (c) Fusionieren der lymphoiden Zellen mit einer unsterblich machenden Zelle, urn Hybridzellen herzustellen; 

und 

(d) Auswahlen von Hybridzellen, die einen AntikCrper produzieren, der: 

(i) an der Oberf lache von Basophilen gebundenes IgE nicht bindet; und 
55 (ii) spezifisch von IgE-tragenden B-Zellen exprimiertes IgE bindet. 

31. Verfahren nach Anspruch 30, wobei das IgE menschliches IgE ist 
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32, Verfehren nach Anspruch 30 Oder 31, wobei das Tier eine Maus ist. 

33. Verfahren zur Identifizierung von IgE-tragenden B-Lymphocyten in gemischten Leukocytenpopulationea umfes- 
send das Inkontaktbringen einer Leukocytenprobe mit dem AntikGrper oder etnem Ragment davon nach einem der 
Anspruche 1 bis 1 3, 23 oder 24 und das Feststellea an welche Zelien der Antikdrper oder dessen Fragment bindet, 
wobei das Binden des Antik6rpers lgE-tragende Zelien kennzeichnet 

Revendications 

I . , Anticorps monoclonal ou fragment de celui-ci qui 

a) se lie de maniere specif ique k des lymphocytes porteurs dlgE, et 

b) ne se lie pas k des basophiles et k des mastocytes, pour sa mise en oeuvre en therapie. 

2. Anticorps ou fragment de ce dernier suivant la revendication 1 , qui ne se lie pas k de I'lgE soluble. 

3. Anticorps ou fragment de ce dernier suivant la revendication 1 , qui se lie en supplement k de I'lgE soluble. 

4. Anticorps ou fragment de ce dernier suivant la revendication 2, qui est un anticorps de sous-classe lgG2a de sou- 
ris, lgG1 ou lgQ3 d'etre humain. 

5. Anticorps ou fragment de ce dernier, qui se lie de maniere sp6cif ique k de I'lgE f ix6e k la membrane de cellules B, 
mais non k la forme soluble de I'lgE. 

6. Anticorps ou fragment de ce dernier, qui se lie de manure sp6cifique au segment extracellulaire du domaine f ix6 
k une membrane d'une chaTne d'lgE. 

7. Anticorps ou fragment de ce dernier suivant Tune des revendications 5 et 6, caract6ris6 en ce que I'lgE est de I'lgE 
humaine. 

8. Anticorps ou fragment de ce dernier suivant Tune quelconque des revendications 1 k 7, qui est un anticorps humain 
ou un fragment de ce dernier. 

9. Anticorps anti-idiotypique monoclonal ou fragment de ce dernier, specifique pour le paratope d'un anticorps ou 
d'un fragment de ce dernier suivant Tune quelconque des revendications 1 £ 8. 

10. Anticorps ou fragment de ce dernier suivant Tune quelconque des revendications 1 & 9, qui est un anticorps chim6- 
rique ou un fragment de ce dernier. 

II. Anticorps ou fragment de ce dernier suivant la revendication 10, qui est un anticorps chimerique de rongeur/§tre 
humain ayant une region de liaison d'antigene d'origine de rongeur et une region constarrte d'origine humaine. 

12. Anticorps ou fragment de ce dernier suivant la revendication 1 1 , caract6ris£ en ce que le rongeur est une souris. 

13. Anticorps chimerique ou fragment de ce dernier suivant Tune des revendications 1 1 et 12, caract£ris£ en ce que 
I'anticorps ou fragment de ce dernier a une region de liaison d'antigene murine et une region constante humaine k 
chaTne lourde gamma 1 ou gamma 3. 

14. Immunotoxine k mettre en oeuvre en therapie, comprenant un anticorps ou un fragment de ce dernier suivant Tune 
des revendications 1 & 13, conjuguee k un agent cytolytique ou cytotoxique. 

15. Immunotoxine suivant la revendication 14, caracteris6e en ce que I'agent cytolytique ou cytotoxique est de la ricine, 
de la toxinede Pseudomonas, de la toxine de diphterie, un peptide antiviral de phytolaque. des trichothecenes, des 
nuclides radioactifs ou des enzymes lytiques de membrane. 

16. Lign6e cellulaire stable, continue, qui secrete un anticorps monoclonal suivant Tune quelconque des revendica- 
tions 9 &13. 
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17. Lign6e cellulaire suivant la revendication 16 qui est une Iign6e cellulaire d'hybridome. . 

18. UgnGe cellulaire suivant la revendication 1 7 qui est un hybridome murin. 

5 19. Peptide capable de mettre en Evidence une r£ponse d'anticorps, dans laquelle I'anticorps produit rSagit d'une 
mantere spGcifique avec de I'lgE Ii6e a une membrane, et pr£sentant la sequence d'acides amines 
Glu Leu Asp Val Cys Val Glu Glu Ala Glu Gly Glu Ala Pro, et modifications du peptide dans lesquelles des acides 
amines ont 6t6 d6l6t6s, ins6r£s ou substituSs sans diminuer de manure essentielle les propriety immunologiques 
de celui-ci. 

10 

20. Peptide suivant ta revendication 19, conjugu6 a une prot&ne de support. 

21 . Peptide suivant la revendication 20, caract6ris£ en ce que la proline de support est de l'h6mocyanine de f issurelle. 

15 22. Proc6d6 de production d'anticorps ou de fragments de ces derniers suivant Tune des revendications 1 , 2, 4, 5, 6, 
7 et 8, comprenant les 6tapes 

(a) d'immunisation d'un animal avec un peptide suivant Tune quelconque des revendications 19 a 21 ou des 
motecules d'lgE comprenant au moins le segment extracellulaire du domaine fix6 a une membrane, et 
20 (b) d'obtention d'anticorps ou de cellules qui produisent des anticorps sp6crfiques pour le peptide ou le seg- 

ment extracellulaire du domaine i ix6 a une membrane a partir de I'animal immunise 

23. Anticorps r6actif avec un peptide suivant Tune quelconque des revendications 1 9 a 21 . 

25 24. Anticorps suivant la revendication 23, qui est monoclonal. 

25. Composition pharmaceutique comprenant un anticorps, un fragment de ce dernier, une immunotoxine ou un pep- 
tide suivant Tune quelconque des revendications 1 a 15, 19 a 21 , 23 et 24. 

30 26. Composition pharmaceutique suivant la revendication 25 comprenant en outre un facteur activant la cytotoxicity 
cellulaire d6pendante de Tanticorps. 

27. Composition pharmaceutique suivant la revendication 26, caract6ris§e en ce que le facteur est du GM-CSF, du M- 
CSF ou du facteur d'activation de macrophage. 

35 

28. Composition pharmaceutique suivant Tune quelconque des revendications 25 a 27, pour le traitement ou la prophy- 
laxie d'allergie obtenue par IgE. 

29. Utilisation d'un anticorps, d'un fragment de ce dernier, d'une immunotoxine ou d'un peptide suivant Tune quelcon- 
40 que des revendications 1 a 15, 19 a 21 , 23 et 24, pour la preparation d'une composition pharmaceutique destinee 

au traitement ou a la prophylaxie d'allergie obtenue par IgE. 

30. Proc6d6 de production d'un hybridome qui s6cr&e un anticorps qui se lie a des cellules B porteuses d'lgE mais 
pas a des basophiles, comprenant : 

45 

(a) une immunisation d'un animal par de I'lgE, 

(b) une obtention de cellules lymphoTdes a partir de I'animal immunise, 

(c) une fusion des cellules lymphoTdes et d'une cellule immortalisante pour produire des cellules hybrides, et 

(d) une selection de cellules hybrides qui produisent un anticorps qui : 

50 

(i) ne se lie pas a de I'lgE fix£e a la surface de basophiles, et 

(ii) se lie de manure sp6cifique a de I'lgE exprim6e sur des cellules B porteuses d'lgE. 

31 . Proc6d6 suivant la revendication 30, caract6ris6 en ce que I'lgE est de I'lgE humaine. 

55 

32. Proc&te suivant Tune des revendications 30 et 31, caract6ris6 en ce que I'animal est une souris. 

33. Proc&te d'identif ication de lymphocytes B porteurs d'lgE dans des populations m6lang§es de leucocytes, compre- 
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nant une mise en contact d'un echantillon des leucocytes avec I'anticorps ou fragment de celui-ci suivant Tune 
quelconque des revendications 1 k 13, 23 et 24, et une determination des cellules auxquelles I'anticorps ou frag- 
ment de celui-ci se tie, une liaison de I'anticorps indiquant des cellules porteuses d'lgE. 



31 



EP 0 407 392 B2 



ESTABLISHING cDNA LIBRARY FROM mRNA 
ISOLATED FROM A HUMAN IgE-BEARING MYELOMA 
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SCREENING CLONES ENCOMPASSING THE 
MEMBRANE BOUND SEGMENT OF « IMMUNOGLOBULIN 
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SEQUENCING THE c MEMBRANE BOUND SEGMENT 







DETERMINING THE mb/ec PORTION FROM THE 
COMPARISON WITH THE KNOWN SEQUENCE 
OF « CHAIN OF SECRETORY IgE AND MEMBRANE 
BOUND SEGMENTS OF IMMUNOGLOBULIN 
HEAVY CHAINS 



PROCESS OF DETERMINING THE DNA SEQUENCE 
OF mb/ec SEGMENT OF HUMAN € CHAIN U . mb/ec) 
USING cDNA CLONING APPROACH 



FIG. I 
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